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Description 

Shuttle vectors, developed by Ruvkun and Ausubel (1981) Nature 269:85-88, provide a way to insert for¬ 
eign genetic materials into positions of choice in a large plasmid, virus, or genome. There are two main prob- 
5 lems encountered when dealing with large plasmids or genomes. Firstly, the large plasmids may have many 
sites for each restriction enzyme. Unique, site-specific cleavage reactions are not reproducible and multi-site 
cleavage reactions followed by ligation lead to great difficulties due to the scrambling of the many fragments 
whose order and orientation one does not want changed. Secondly, the transformation efficiency with large 
DNA plasmids is very low. Shuttle vectors allow one to overcome these difficulties by facilitating the insertion, 
io often in vitro, of the foreign genetic material into a smaller plasmid, then transferring, usually by in vivo tech¬ 
niques, to the larger plasmid. 

A shuttle vector consists of a DNA molecule, usually a plasmid, capable of being introduced into t he ultimate 
recipient bacteria. It also includes a copy of the fragment of the recipient genome into which the foreign genetic 
material is to be inserted and a DNA segment coding for a selectable trait, which is also inserted into the re¬ 
ts cipient genome fragment The selectable trait ("marker 1 ') is conveniently inserted by transposon mutagenesis 
or by restriction enzymes and ligases. 

The shuttle vector can be introduced into the ultimate recipient cell typically a bacterium of the genus Agro- 
bacterium by a tri-parental mating (Ruvkun and Ausubel, supra.), direct transfer of a self-mobilizable vector in 
a bi-parental mating, direct uptake of exogenous DNA by Agrobacterium cells ("transformation", using the con- 
20 ditions of M. Holsters eta/. (1978) Molec. Gen. Genet. 163:181-187), by spheroplast fusion of Agrobacterium 
with another bacterial cell, by uptake of liposome-encapsulated DNA, or infection with a shuttle vector that is 
based on a virus that is capable of being packaged in vitro. Atri-parental mating involves the mating of a strain 
containing a mobilizable plasmid, which carries genes for plasmid mobilization and conjugative transfer, with 
the strain containing the shuttle vector. If the shuttle vector is capable of being mobilized by the plasmid genes, 
25 the shuttle vector is transferred to the recipient cell containing the large genome, e.g. the Ti or Ri plasmids of 
Agrobacterium strains. 

After the shuttle vector is introduced into the recipient cell, possible events include a double cross over 
with one recombinational event on either side of the marker. This event will result in transfer of a DNA segment 
containing the marker to the recipient genome replacing a homologous segment lacking the insert. To select 
30 for cells that have lost the original shuttle vector, the shuttle vector must be incapable of replicating in the ul¬ 
timate host cell or be incompatible with an independently selectable plasmid preexisting in the recipient cell. 
One common means of arranging this is to provide in the third parent another plasmid which is incompatible 
with the shuttle vector and which carries a different drug resistance marker. Therefore, when one selects for 
resistance to both drugs, the only surviving cells are those in which the marker on the shuttle vector has re- 
55 combined with the recipient genome. If the shuttle vector carries an extra marker, one can then screen for 
and discard cells that are the result of a single cross-over between the shuttle vector and the recipient plasmid 
resulting in cointegrates in which the entire shuttle vector is integrated with the recipient plasmid. If the foreign 
genetic material is inserted into or adjacent to the marker that is selected for, it will also be integrated into the 
recipient plasmid as a result of the same double recombination. It might also be carried along when inserted 
40 into the homologous fragment at a spot not within or adjacent to the marker, but the greater the distance sep¬ 
arating the foreign genetic material from the marker, the more likely will be a recombinational event occurring 
between the foreign genetic material and marker, preventing transfer of the foreign genetic material. 

Shuttle vectors have proved useful in manipulation of Agrobacterium plasmids: see D. J. Garfinkel et a/. 
(1981) Cell 27:143-153, A. J. M. Matzke and M. D. Chilton (1981) J. Molec. Appl. Genet. 1:39-49, and J. Lee- 
45 mans et a/. (1981) J. Molec. Appl. Genet. 1: 149-164, who referred to shuttle vectors by the term "intermediate 
vectors". 

Agrobacterium- Overview 

50 Included within the gram-negative bacterial family Rhizobiaceae in the genus Agrobacterium are the spe¬ 
cies A. tumefaciens and A. rhizogenes. These species are respectively the causal agents of crown gall disease 
and hairy root disease of plants. Crown gall is characterized by the growth of a gall of dedifferentiated tissue. 
Hairy root is a teratoma characterized by inappropriate induction of roots in infected tissue. In both diseases, 
the inappropriately growing plant tissue usually produces one or more amino acid derivatives, known as opines, 
55 not normally produced by the plant which are catabolized by the infecting bacteria. Known opines have been 
classified into three families whose type members are octopine, nopaline, and agropine. The cells of inappro¬ 
priately growing tissues can be grown in culture, and, under appropriate conditions, be regenerated into whole 
plants that retain certain transformed phenotypes. 
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Virulent strains of Agrobacterium harbor large plasmids known as Ti (tumor-inducing) plasmids in A tu~ 
mefaciens and Ri (root-inducing) plasmids in A rhizogenes. Curing a strain of these plasmids results in a loss 
of pathogenicity. The Ti plasmid contains a region, referred to as T-DNA (transferred-DNA), which in tumors 
is found to be integrated into the genome of the host plant The T-DNAencodes several transcripts. Mutational 
5 studies have shown that some of these are involved in induction of tumorous growth. Mutants in the genes for 
tml, tmr, and tms, respectively, result in large tumors (in tobacco), a propensity to generate roots, and a ten¬ 
dency for shoot induction. The T-DNAalso encodes the gene for at least one opine synthetase, and the Ti plas¬ 
mids are often classified by the opine which they caused to be synthesized. Each of the T-DNA genes is under 
control of a T-DNA promoter. The T-DNA promoters resemble eukaryotic promoters in structure, and they ap- 
io pear to function only in the transformed plant ceil. The Ti plasmid also carries genes outside the T-DNA region. 
These genes are involved in functions which include opine catabolism, oncogenicity, agrocin sensitivity, rep¬ 
lication, and autotransfer to bacterial cells. The Ri plasmid is organized in a fashion analogous to the Ti plasmid. 
The set of genes and DNA sequences responsible for transforming the plant cell are hereinafter collectively 
referred to as the transformation-inducing principle (TIP). The designation TIP therefore includes both Ti and 
is Ri plasmids. The integrated segment of a TIP is termed herein "T-DNA", whether derived from a Ti plasmid or 
an Ri plasmid. Recent general reviews of Agrobacterium-caused disease include those by D. J. Merlo (1982), 
Adv. Plant Pathol. f:139-178 L. W. Ream and M. P. Gordon (1982), Science 218:854-859, and M. W. Bevan 
and M. D. Chilton (1982), Ann. Rev. Genet 16:357-384; G. Kahl and J. Schell (1982) Molecular Biology of Plant 
Tumors. 

20 

Agrobacterium -Infection of plant tissues 

Plant cells can be transformed by Agrobacterium in a number of methods known in the art which include 
but are not limited to co-cultivation of plant cells in culture with Agrobacterium, direct infection of a plant, fusion 
25 of plant protoplasts with Agrobacterium spheroplasts, direct transformation by uptake of free DNA by plant cell 

protoplasts, transformation of protoplasts having partly regenerated cell walls with intact bacteria, transforma¬ 
tion of protoplasts by liposomes containing T-DNA, use of a virus to carry in the T-DNA microinjection, and 
the like. Any method will suffice as long as the gene is reliably expressed, and is stably transmitted through 
mitosis and meiosis. 

30 The infection of plant tissue by Agrobacterium is a simple technique well known to those skilled in the art 
(for an example, see D. N. Butcher et a/. (1980) in Tissue Culture Methods for Plant Pathologists, eds.: D. S. 
Ingrams and J. P. Helgeson, pp. 203-208). Typically a plant is wounded by any of a number of ways, which 
include cutting with a razor, puncturing with a needle, or rubbing with abrasive. The wound is then inoculated 
with a solution containing tumor-inducing bacteria. An alternative to the infection of intact plants is the inocu- 
35 lation of pieces of tissues such as potato tuber disks (D. K. Anand and G. T. Heberlein (1977) Amer. J. Bot. 
84:153-158) or segments of tobacco stems (K. A. Barton, etal. (1983) Cell 32:1033-1043). After induction, the 
tumors can be placed in tissue culture on media lacking phytohormones. Hormone independent growth is typ¬ 
ical of transformed plant tissue and is in great contrast to the usual conditions of growth of such tissue in culture 
(A. C. Braun (1956) Cancer Res. 16:53-56). 

40 Agrobacterium is also capable of infecting isolated cells and cells grown in culture, Marton et a/. (1979) 
Nature 277:129-131, and isolated tobacco mesophyil protoplasts. In the latter technique, after allowing time 
for partial regeneration of new cell wails, Agrobacterium cells were added to the culture for a time and then 
killed by the addition of antibiotics. Only those cells exposed to A. tumefaciens cells harboring the TI plasmid 
were capable of forming calli when plated on media lacking hormone. Most calli were found to contain an en- 
45 zymatic activity involved in opine anabolism. Other workers (R. B. Horsch and R. T. Fraley (18 January 1983) 

15th Miami Winter Symposium) have reported transformations by co-cultivation, leading to a high rate (greater 
than 10%) of calli displaying hormone-independent growth, with 95% of those calli making opines. M. R. Davey 
et al. (1980) in Ingram and Helgeson, supra, pp. 209-219, describe the infection of older cells that had been 
regenerated from protoplasts. 

so Plant protoplasts can be transformed by the direct uptake of TIP plasmids. M. R. Davey ef al. (1980) Plant 
Sci. Lett. 18:307-313, and M. R. Davey et al. (1980) in Ingram and Helgeson, supra, were able to transform 
Petunia protoplasts with the Ti plasmid in the presence of poly-L-a/pfta-ornithine to a phenotype of opine syn¬ 
thesis and hormone-independent growth in culture. It was later shown (J. Draper et al. (1982) Plant and Cell 
Physiol. 23:451-458, M. R. Davey et al. (1982) in Plant Tissue Culture 1982 , ed: A. Fujiwara, pp. 515-516) that 
55 polyethylene glycol stimulated Ti uptake and that some T-DNA sequences were integrated into the genome. 
F. A. Krens et al. (1982) Nature 296:72-74, reported similar results using polyethylene glycol following by a 
calcium shock, though their data suggests that the integrated T-DNA included flanking Ti plasmid sequences. 

An alternative method to obtain DNA uptake involves the use of liposomes. The preparation of DNA con- 
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taining liposomes is taught by Papahadjopoulos in US Patents 4,078,052 and 4,235,871. Preparations for the 
introduction of Ti-DNA via liposomes have been reported (T. Nagata etal. (1982) in Fujiwara, supra, pp. 509- 
SI 0, and T. Nagata (1981) Mol. Gen. Genet 184:161-165). An analogous system involves the fusion of plant 
and bacterial cells after removal of their cell walls. An example of this technique is the transformation of Vinca 
s protoplast by Agrobacterium spheroplasts reported by S. Hasezawa et al. (1981) Mol. Gen. Genet 182: 206- 
210. Plant protoplasts can take up cell wall delimited Agrobacterium cells (S. Hasezawa etal. (1982) in Fujiwara, 
supra pp. 517-518). 

T-DNA can be transmitted to tissue regenerated from a fusion of two protoplasts, only one of which had 
been transformed (G. J. Wullems et at. (1980) Theor. Appl. Genet. 56:203-208). As detailed in the section on 
io Regeneration of Plants, T-DNA can pass through meiosis and be transmitted to progeny as a simple Mendelian 
trait. 

Agrobacterium- Regeneration of plants 

is Differentiated plant tissues with normal morphology have been obtained from crown gall tumors. A. C. 
Braun and H. N. Wood (1976) Proc. Natl. Acad. Sci. USA 73:496-500, grafted tobacco teratomas onto normal 
plants and were able to obtain normally appearing shoots which could flower. The shoots retained the ability 
to make opines and to grow independently of phytohormones when placed in culture. In the plants screened, 
these tumor phenotypes were not observed to be transmitted to progeny, apparently being lost during meiosis 
20 (R. Turgeon et al. (1976) Proc. Nat. Acad. Sci. USA 73:3562-3564). Plants which had spontaneously lost tu¬ 

morous properties, or which were derived from teratoma seed, were initially shown to have lost all their T-DNA 
(F.-M. Yang etal. (1980) In Vitro 16:87-92, F. Yang etal. (1980) Molec. Gen. Genet. 177:707-714, M. Lemmers 
et al. (1980) J. Mol. Biol. 144:353-376). However, later work with plants that had become revertants after hor¬ 
mone treatment (1 mg/I kinetin) showed that plants which had gone through meiosis, though losing T-DNA 
25 genes responsible for the transformed phenotype, could retain sequences homologous to both ends of T-DNA 
(F. Yang and R. B. Simpson (1981) Proc. Nat. Acad. Sci. USA 78:4151-4155). G. J. Wullems el al. (1981) Cell 
24:719-724, further demonstrated that genes involved in opine anabolism were capable of passing through 
meiosis though the plants were male sterile and that seemingly unaltered T-DNA could be inherited in a Men¬ 
delian fashion (G. Wullems el at. (1982) in A. Fujiwara, supra). L. Otten et al. (1981) Molec. Gen. Genet. 
30 183: 209-213, used Tn7 transposon-generated Ti plasmid mutants in the tms (shoot-inducing) locus to create 

tumors which proliferated shoots. When these shoots were regenerated into plants, they were found to form 
self-fertile flowers. The resultant seeds germinated into plants which contained T-DNA and made opines. Sim¬ 
ilar experiments with a tmr (root-inducing) mutant showed that full-length T-DNA could be transmitted through 
meiosis to progeny, that in those progeny nopaline genes could be expressed, though at variable levels, and 
35 that the cotransformed yeast alcohol dehydrogenase I gene was not expressed (K. A. Barton et al. (1983) (Cell 
32: 1033-1043). It now appears that regenerated tissues which lack T-DNA sequences are probably descended 
from untransformed cells which "contaminate'* the tumor(G. Ooms etal. (1982) Cel) 30:589-597). 

Roots resulting from transformation from A. rhizogenes have proven relatively easy to regenerate into 
plantlets (M.-D. Chilton etal. (1982) Nature 295:432-434. 

40 

Agrobacterium-Genes on the TIP plasmids: 

A number of genes have been identified within the T-DNA of the TIP plasmids. About half a dozen octopine 
plasmid T-DNA transcripts have been mapped (S. B. Gelvin etal. (1982) Proc. Natl. Acad. Sci. USA 79:76-80, 
45 L. Willmitzer et al. (1982) EMBO J. 1:139-146) and some functions have been assigned (J. Leemans et al. 

(1982) EMBO J. 1:147-152). The four genes of an octopine type plasmid that have been well defined by trans- 
poson mutagenesis include tms, tmr, and tml( D. J. Garfinkel etal. (1981) Cell 27:143-153). Tl plasmids which 
carry mutations in these genes respectively incite tumorous calli of Nicotiana tabacum which generate shoots, 
proliferate roots, and are larger than normal. In other hosts, mutants of these genes can induce different phe- 
50 notypes (see Bevan and Chilton, supra.). The phenotypes of tms and tmr are correlated with differences in 

the phytohormone levels present in the tumor. The differences in cytokinin:auxin ratios are similar to those 
which in culture induce shoot or root formation in untransformed callus tissue (D. E. Akiyoshi et al. (1983) Proc. 
Nati. Acad. Sci. USA 80:407-411). T-DNA containing afunctional gene for either t ms or tmr alone, but not func¬ 
tional tml alone, can promote significant tumor growth. Promotion of shoots and roots is respectively stimulated 
55 and inhibited by functional tml( L W. Ream etal. (1983) Proc. Natl. Acad. Sci. USA 80:1660-1664). Mutations 
in T-DNA genes do not seem to affect the insertion of T-DNA into the plant genome (J. Leemans et al. (1982) 
supra , L. W. Ream etal. (1983) supra). The ocs gene encodes octopine synthetase, which has been sequenced 
by H. De Greve etal. (1982) J. Mol. Appl. Genet. 1:499-511. It does not contain introns (invervening sequences 
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commonly found in eukaryotic genes which are posttranscriptionally spliced out of the messenger precursor 
during maturation of the mRNA). It does have sequences that resemble a eukaryotic transcriptional signal 
(TATA box 1 *) and a polyadenyiation site. As plant cells containing the enzyme octopine synthetase detoxify 
homo-arginine, the ocs gene may prove to be a useful selectable marker for plant cells that have been trans- 
5 formed by foreign DNA (G. M. S. Van Slogteren et al (1982) Plant Mol. Biol. 1:133-142). 

Nopaline Ti plasmids encode the nopaline synthetase gene (nos), which has been sequenced by A. De¬ 
picker ef a/. (1982) J. Mol. Appl. Genet 1:561-573. As was found with the ocs gene, nos is not interrupted by 
introns. It has two putative polyadenyiation sites and a potential TATA box". In contrast to ocs, nos is preceded 
by a sequence which may be a transcriptional signal known as a "CAT box". J. C. McPhersson et at. (1980) 
io Proc. Natl. Acad. Sci. USA 77:2666-2670, reported the in vitro translation of T-DNA encoded mRNAs from 
crown gall tissues. 

Transcription from hairy root T-DNA has also been detected (L. Willmitzer et aL (1982) Mol. Gen. Genet. 
186: 16-22). Functionally, the hairy root syndrome appears to be equivalent of a crown gall tumor incited by a 
Ti plasmid mutated in tmr (F. F. White and E. W. Nester (1980) J. Bacteriol. 144:710-720. 
is In eukaryotes, methylation (especially of cytosine residues) of DNA is correlated with transcriptional inac¬ 
tivation; genes that are relatively undermethylated are transcribed into mRNA. Gelvin etal. (1983) Nucleic 
Acids Res. 1: 159-174 have found that the T-DNA in crown gall tumors is always present in at least one unme¬ 
thylated copy. That the same genome may contain numerous other copies of T-DNA which are methylated 
suggests that the copies of T-DNA in excess of one may be biologically inert. (See also G. Ooms etal. (1982) 
20 Cell 30:589-597). 

The Ti plasmid encodes other genes which are outside of the T-DNA region and are necessary for the 
infection process. (See M. Holsters ef at. (1980) Plasmid 3:212-230 for nopaline plasmids, and H. De Greve 
et al. (1981) Plasmid 6:235-248, D. J. Garf inkel and E. W. Nester (1980) J. Bacteriol 144: 732-743, and G. Corns 
(1980) J. Bacteriol 144:82-91 for octopine plasmids). Most important are the one genes, which when mutated 
25 result in Ti plasmids incapable of oncogenicity. (These loci are also known as vir, for virulence). The one genes 
function in trans, being capable of causing the transformation of plant cells with T-DNA of a different plasmid 
type and physically located on another plasmid (J. Hille etal. (1982) Plasmid 7:107-118, H. J. Klee etal. (1982) 
J. Bacteriol. 150. 327-331, M.-D. Chilton (18 January 1983) 15th Miami Winter Symp. Nopaline Ti DNA has di¬ 
rect repeats of about 25 base pairs immediately adjacent to the left and right borders of the T-DNA which might 
so be involved in either excision from the Ti plasmid or integration into the host genome (N. S. Yadav etal. (1982) 
Proc. Natl. Acad. Sci. USA 79:6322-6326), and a homologous sequence has been observed adjacent to an 
octopine T-DNA border (R. B. Simpson etal. (1982) Cell 29:1005-1014). Opine catabolism is specified by the 
ocs and nos genes, respectively of octopine- and nopaline-type plasmids. The Ti plasmid also encodes func¬ 
tions necessary for its own reproduction including an origin of replication. Ti plasmid transcripts have been de- 
35 tected in A. tumefaciens cells by S. B. Gelvin et al. (1981) Plasmid 6:17-29, who found that T-DNA regions 
were weakly transcribed along with non-T-DNA sequences. Ti plasmid-determined characteristics have been 
reviewed by Merlo, supra (see especially Table II), and Ream and Gordon supra. 

Agrobacterium- TIP Plasmid DNA 

40 

Different octopine-type Ti plasmids are nearly 100% homologous to each other when examined by DNA 
hybridization (T. C. Currier and E. W. Nester (1976) J. Bacteriol. 126:157-165) or restriction enzyme analysis 
(D. Sciaky et al. (1978) Plasmid 1:238-253). Nopaline-type Ti plasmids have as little as 67% homology to each 
other (Currier and Nester, supra). A survey revealed that different Ri plasmids are very homologous to each 
45 other (P. Costantino et al. (1981) Plasmid 5:170-182). N. H. Drummond and M.-D. Chilton (1978) J. Bacteriol. 
136:1178-1183, showed that proportionally small sections of octopine and nopaline type Ti plasmids were hom¬ 
ologous to each other. These homologies were mapped in detail by G. Engler etal. (1981) J. Mol. Biol. 152. 183- 
208. They found that three of the four homologous regions were subdivided into three (overlapping the T-DNA), 
four (containing some one genes), and nine (having one genes) homologous sequences. The uninterrupted 
so homology contains at least one tra gene (for conjugal transfer of the Ti plasmid to other bacterial cells), and 
genes involved in replication and incompatibility. This uninterrupted region has homology with a Sym plasmid 
(involved in symbiotic nitrogen fixation) from a species of Rhizobium , a different genus in the family Rhizobia- 
ceae (R. K. Prakash etal. (1982) Plasmid 7:271-280). The order of the four regions is not conserved, though 
they are all oriented in the same direction. Part of the T-DNA sequence is very highly conserved between no- 
55 paline and octopine plasmids (M.-D. Chilton etal. (1978) Nature 275:147-149, A. Depicker et al. (1978) Nature 
275:150-153). Ri plasmids have been shown to have extensive homology among themselves, and to both oc¬ 
topine (F. F. White and E. W. Nester (1980) J. Bacteriol. 144:710-720) and nopaline (G. Risuleo et al (1982) 
Plasmid 7:45-51) Ti plasmids, primarily in regions encoding one genes. Ri T-DNA contains extensive though 
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weak homologies to T-DNAfrom both types of Ti plasmid (L Willmitzer ef a/. (1982) Mol. Gen. Genet 186:3193- 
3197). Plant DNA from uninfected Nicotiana glauca contains sequences, referred to as cT-DNA (cellular T- 
DNA), that show homology to a portion of the Ri T-DNA (F. F. White at a/. (1983) Nature 301:348-350). 

It has been shown that a portion of the Ti (M.-D. Chilton et al. (1977) Cell 11: 263-271) or Ri (M.-D. Chilton 
5 (1982) Nature 295:432-434, F. F. White et al (1982) Proc. Natl. Acad. Sci. USA 79:3193-3197, L Willmitzer 

(1982) Mol. Gen. Genet 186:16-22) plasmid is found in the DNA of tumorous plant cells. The transferred DNA 
is known as T-DNA. T-DNA is integrated into the host DNA (M. F. Thomashow et al. (1980) Proc. Natl. Acad. 
Sci. USA 77:6448-6452, N. S. Yadav etal. (1980) Nature 287:456-461) in the nucleus (M. P. Nuti etal. (1980) 
Plant Sci. Lett 18:1-6, L. Willmitzer et al. (1980) Nature 287:359-361, M.-D. Chilton et al. (1980) Proc. Natl. 
io Acad. Sci. USA 77:4060-4064). 

M. F. Thomashow etal. (1980) Proc. NatJ. Acad. Sci. USA 77:6448-6452, and M. F. Thomashow etal. (1980) 
Cell 19:729-739, found the T-DNA from octopine-type Ti plasmids to have been integrated in two separate sec¬ 
tions, TL-DNA and TR-DNA, left and right T-DNAs respectively. The copy numbers of TR and TL can vary (D. 
J. Merlo et al. (1980) Molec. Gen. Genet 177:637-643). A core of T-DNA is highly homologous to nopaline T- 

15 DNA (Chilton et al. (1978) supra and Depicker et al. (1978) supra), is required for tumor maintenance, is found 
in TL, is generally present in one copy per cell, and codes for the genes tms, tmr and tml. On the other hand 
TR can be totally dispensed with (M. De Beuckeleer et al. (1981) Molec. Gen. Genet 183: 283-288, G. Ooms 
et al. (1982) Cell 30:589-597), though found in a high copy number (D. J. Merlo et al. (1980) supra). G. Ooms 
et al. (1982) Plasmid 7:15-29, hypothesized that TR is involved in T-DNA integration, though they find that 
20 when TR is deleted from the Ti plasmid, A. tumefaciens does retain some virulence. G. Ooms et al. (1982) Cell 
30:589-597, showed that though T-DNA is occasionally deleted after integration in the plant genome, it is gen¬ 
erally stable and that tumors containing a mixture of cells that differ in T-DNA organization are the result of 
multiple transformation events. The ocs is found in TL but can be deleted from the plant genome without loss 
of phenotypes related to tumorous growth. The left border of integrated TL has been observed to be composed 
25 of repeats of T-DNA sequences which are in either direct or inverted orientations (R. B. Simpson etal. (1982) 
Cell 29:1005-1014). 

In contrast to the situation in octopine-type tumors, nopaline T-DNA is integrated into the host genome in 
one continuous fragment (M. Lemmers etal. (1980) J. Mol. Biol. 144:353-376, P. Zambryski etal. (1980) Sci¬ 
ence 209:1385-1391). Direct tandem repeats were observed. T-DNA of plants regenerated from teratomas had 
30 minor modifications in the border fragments of the inserted DNA (Lemmers et al. supra). Sequence analysis 
of the junction between the right and left borders revealed a number of direct repeats and one inverted repeat. 
The tatter spanned the junction (Zambryski etal. (1980) supra). The left junction has been shown to vary by 
at least 70 base pairs while the right junction varies no more than a single nucleotide (P. Zambryski etal. (1982) 
J. Molec. Appl. Genet 1:361-370). Left and right borders in junctions of tandem arrays were separated by 
35 spacers which could be over 130 bp. The spacers were of unknown origin and contained some T-DNA sequenc¬ 
es. T-DNA was found to be integrated into both repeated and l low copy number host sequences. 

N. S. Yadav etal. (1982) Proc. Natl. Acad. Sci. USA 79:6322-6326, have found a chi site, which in the bac¬ 
teriophage lambda augments general recombination in the surrounding DNA as far as 10 kilobases away, in 
a nopaline Ti plasmid just outside the left end of the T-DNA. R. B. Simpson et al. (1982) Cell 29:1005-1014, 

40 have not observed a chi sequence in an octopine Ti plasmid, though the possible range of action does not 
eliminate the possibility of one being necessary and present but outside of the region sequenced. The signif¬ 
icance of the chi in the TI plasmid is not known. If the chi has a function, it is probably used in Agrobacterium 
cells and not in the plants, as chi is not found within the T-DNA. 

45 Agrobacferium-Manipulations of the TIP plasmids 

As detailed in the section on Shuttle Vectors, technology has been developed for the introduction of altered 
DNA sequences into desired locations on a TIP plasmid. Transposons can be easily inserted using this tech¬ 
nology (D. J. Garfinkel etal. (1981) Cell 27:143-153). J.-P. Hernalsteen etal. (1980) Nature 287:654-656, have 
so shown that a DNA sequence (here a bacterial transposon) inserted into T-DNA in the Ti plasmid is transferred 
and integrated into the recipient plant’s genome. Though insertion of foreign DNA has been done with a number 
of genes from different sources, to date the genes have not been expressed under control of their own pro¬ 
moters. Sources of these genes include alcohol dehydrogenase (Adh) from yeast (K. A. Barton et al. (1983) 
Cell, 32:1033-1043), Adhl (J. Bennetzen, unpublished) and zein from corn, interferon and globin from mam- 
55 mals, and the mammalian virus SV40 (J. Schell, unpublished). M. Holsters et al. (1982) Mol. Gen. Genet. 
185:283-289, have shown that a bacterial transposon (Tn7) inserted into T-DNA could be recovered in a fully 
functional and seemingly unchanged form after integration into a plant genome. 

Deletions can be generated in a TIP plasmid by several methods. Shuttle vectors can be used to introduce 
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deletions constructed by standard recombinant DIMA techniques (Cohen and Boyer US Pat 4,237,224). Dele¬ 
tions with one predetermined end can be created by the improper excision of transposons (B. P. Koekman et 
al. (1979) Plasmid 2:347-357, G. Ooms etal. (1982) Plasmid 7:15-29). J. Hille and R. SchDperoot (1981) Plas¬ 
mid 6:151-154, have demonstrated that deletions having both ends at predetermined positions can be gener- 
5 ated by use of two transposons. The technique can also be used to construct "recombinant DNA" molecules 
in vivo . 

The nopaline synthetase gene has been used for insertion of DNA segments coding for drug resistance 
that can be used to select for transformed plant ceils. M. Bevan (reported by M.-D. Chilton et al. (18 January 
1983) 15th Miami Winter Symp., see also J. L. Marx (1983) Science 219:830) and R. Horsch et al. (18 January 
io 1983) 15th Miami Winter Symp., see Marx, supra, have inserted the kanamycin resistance gene (neomycin 
phosphotransferase) from Tn5 behind (under control of) the nopaline promoter. The construction was used to 
transform plant cells which in culture displayed resistance to kanamycin and its analogs such as G418. J. Schell 
et al. (18 January 1983) 15th Miami Winter Symp. (see also Marx, supra), reported a similar construction, in 
which the methotrexate resistance gene (dihydrofolate reductase) from Tn7 was placed behind the nopaline 
is synthetase promoter. Transformed cells were resistant to methotrexate. As plant cells containing octopine syn¬ 

thetase are resistant to the toxic chemical homo-arginine, G. M. S. Van Slogteren etal. (1982) Plant Mol. Biol. 
1:133-142, have proposed using that enzyme as a selectable marker. 

M.-D. Chilton et al. (1983) supra, reported that A. de Framond has constructed a "mini-Tl plasmid". In the 
nopaline T-DNA there is normally only one site cut by the restriction enzyme Kpnl. A mutant lacking the site 
20 was constructed and a Kpnl fragment, containing the entire nopaline T-DNA, was isolated. This fragment to¬ 
gether with a kanamycin resistance gene was inserted into pRK290, thereby resulting in a plasmid which could 
be maintained in A . tumefaciens and lacked almost all non-T-DNATi sequences. By itself, this plasmid was 
not able to transform plant cells. However when placed in an A. tumefaciens strain containing an octopine Ti 
plasmid, tumors were induced which synthesized both octopine and nopaline. This indicated that the missing 
25 nopaline Ti plasmid functions were complemented by the octopine Ti plasmid, and that the nopaline n mini-Ti" 
was functional in the transformation of plant cells. Chilton el al. (1983) supra also reported on the construction 
of a "micro-Ti" plasmid made by resectioning the mini-Ti with Sma\ to delete essentially all of T-DNA but the 
nopaline synthetase gene and the left and right borders. The micro-Ti was inserted into a modified pRK290 
plasmid that was missing its Sma\ site, and employed in a manner similar to mini-Tl, with comparable results. 
30 H. Lorz et al (1982) in Plant Tissue Culture 1982, ed: A. Fujiwara, pp. 511-512, reported the construction 
of a plasmid vector, apparently independent of the TIP system for DNA uptake and maintenance, that used 
the nopaline synthetase gene as a marker. 

Phaseolin and gene regulation 
35 

In general the genes of higher eukaryotes are highly regulated. A multicellular organism, such as a plant, 
has a number of differentiated tissues, each with its own specialized functions, each of which requires spe¬ 
cialized gene products. One such tissue is the cotyledon. In legumes, the cotyledons usually serve as the stor¬ 
age tissue for the seed, holding reserves of lipid, carbohydrate, minerals, and protein until the seed needs them 
40 during germination. In Phaseolus vulgaris L. (also known as the French bean, kidney bean, navy bean, green 
bean and other names), the major storage protein is known as phaseolin. This protein comprises a small num¬ 
ber of molecular species that are extremely homologous and equivalent to one another. Phaseolin contributes 
most of the nutrition value of dried beans, often comprising more than 10% of the weight of a dried bean. 

Phaseolin is highly regulated during the life cycle of P. vulgaris. The protein is made essentially only while 
45 seed is developing within the pod. Levels rise from the limit of detection to as much as half the seed’s protein 
content, following genetically determined schedules for synthesis. At its peak, phaseolin synthesis can account 
for over 80% of a cotyledon cell’s protein synthesis. At other times and in other tissues, phaseolin synthesis 
is undetectable. The extreme nature of phaseolin’s regulation, coupled with its worldwide nutritional impor¬ 
tance, has led to much interest in the study of phaseolin, its properties, and its regulation. 

50 

Summary of the invention 

The invention disclosed herein provides a plant comprising a genetically modified plant cell having a plant 
structural gene introduced and expressed therein under control of the promoter of the ”1.6" transcript of T-DNA, 
55 the promoter and the plant structural gene being in such a position and orientation with respect to each other 
that the plant structural gene is expressible in the plant cell under control of the T-DNA promoter, and the plant 
structural gene comprising an intron. Also provided are novel strains of bacteria containing and replicating T- 
DNA, as defined herein, the T-DNA being modified to contain an inserted plant structural gene in such orien- 
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tation and spacing with respect to the promoter of the "1.6" transcript of T-DNA as to be expressible in the 
plant cell under control of the T-DNA promoter. Further, the invention provides novel plasmids having the ability 
to replicate in E. coll and comprising T-DNA, and further comprising a plant structural gene inserted within T- 
DNA contained within the plasmid, in such a manner as to be expressible in a plant cell under control of the 
5 promoter of the "1.6 D transcript of T-DNA, and the plant structural gene comprising an intron. 

The experimental work disclosed herein is believed to be the first demonstration that plant structural genes 
are expressible in plant cells under control of a T-DNA promoter, after introduction via T-DNA, that is to say, 
by inserting the plant structural genes into T-DNA under control of a T-DNA promoter and introducing the T- 
DNA containing the insert into a plant cell using known means. The disclosed experiments are also believed 
io to provide the first demonstration that plant structural genes containing introns are expressed in plant cells 
under control of a T-DNA promoter after introduction via T-DNA. These results are surprising in view of the fact 
that the genes previously reported to be expressible in T-DNA under control of a T-DNA promoter, either en¬ 
dogenous T-DNA genes or inserted foreign genes, lacked introns. The results are unexpected also in view of 
the prior art failure to demonstrate that a T-DNA promoter could function to control expression of a plant struc- 
is tural gene when the latter is introduced into T-DNA under the proper conditions. The invention is useful for ge¬ 
netically modifying plant tissues and whole plants by inserting useful plant structural genes from other plant 
species or strains. Such useful plant structural genes include, but are not limited to, genes coding for storage 
proteins, lectins, disease resistance factors, herbicide resistance factors, insect resistance factors, environ¬ 
mental stress tolerance factors, specific flavor elements, and the like. The invention is exemplified by intro- 
20 duction and expression of a structural gene for phaseolin, the major seed storage protein of the bean Phaseolus 

vulgaris L., into sunflower and tobacco plant cells. Once plant cells expressing a plant structural gene under 
control of a T-DNA promoter are obtained, plant tissues and whole plants can be regenerated therefrom using 
methods and techniques well known in the art. The regenerated plants are then reproduced by conventional 
means and the introduced genes can be transferred to other strains and cultivars by conventional plant breed- 
25 ing techniques. The introduction and expression of the structural gene for phaseolin, for example, can be used 
to enhance the protein content and nutritional value of forage crops such as alfalfa. Other uses of the invention, 
exploiting the properties of other structural genes introduced into other plant species will be readily apparent 
to those skilled in the art The invention in principle applies to any introduction of a plant structural gene into 
any plant species into which T-DNA can be introduced and in which T-DNA can remain stably replicated. In 
30 general these species include, but are not limited to, dicotyledonous plants, such as sunflower (family Com- 
positeae), tobacco (family Solanaceae), alfalfa, soybeans and other legumes (family Leguminoseae) and most 
vegetables. 

Detailed description of the invention 

35 

The following definitions are provided, in order to remove ambiguities to the intent or scope of their usage 
in the specification and claims. 

T-DNA: A segment of DNA derived from the tumor-inducing principle (TIP) which becomes integrated in 
the plant genome. As used herein, the term includes DNA originally derived from any tumor-inducing strain of 
40 Agrobacterium including A tumefaciens and A. Rhizogenes, the inserted segment of the latter sometimes re¬ 
ferred to in the prior art as R-DNA. In addition, as used herein the term T-DNA includes any alterations, mod¬ 
ifications, mutations, insertions and deletions either naturally occurring or introduced by laboratory proce¬ 
dures, a principle structural requirement and limitation to such modifications being that sufficient right an left 
ends of naturally-occurring T-DNAs be present to insure the expected function of stable integration in the trans- 
45 formed plant cell genome which is characteristic of T-DNA. In addition, the T-DNA must contain at least one 
T-DNA promoter in sufficiently complete form to control initiation of transcription and initiation of translation of 
an inserted plant structural gene. Preferably, an insertion site will be provided "downstream" in the direction 
of transcription and translation initiated by the promoter, so located with respect to the promoter to enable a 
plant structural gene inserted therein to be expressed under control of the promoter, either directly or as a fu- 
50 sion protein. 

Plant structural gene: As used herein includes that portion of a plant gene comprising a DNA segment cod¬ 
ing for a plant protein, polypeptide or portion thereof but lacking those functional elements of a plant gene that 
regulate initiation of transcription and initiation of translation, commonly referred to as the promoter region. A 
plant structural gene may contain one or more introns or it may constitute an uninterrupted coding sequence. 
55 A plant structural gene may be derived in whole or in part from plant genomic DNA, cDNA and chemically syn-' 
thesized DNA. It is further contemplated that a plant structural gene could include modifications in either the 
coding segments or the introns which could affect the chemical structure of the expression product, the rate 
of expression or the manner of expression control. Such modifications could include, but are not limited to, 
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mutations, insertions, deletions, and "silent" modifications that do not alter the chemical structure of the ex- 
pressin product but which affect intercellular localization, transport, excretion or stability of the expression prod¬ 
uct. The structural gene may be a composite of segments derived from a plurality of sources, naturally occurring 
or synthetic, coding for a composite protein, the composite protein being in part a plant protein. 

5 T-DNA promoter Refers to any of the naturally occurring promoters commonly associated with integrated 

T-DNA. These include, but are not limited to, promoters of the octopine synthetase gene, nopaline synthetase 
gene, tms t tml and tmr genes, depending in part on the TIP source of the T-DNA. Expression under control 
of a T-DNA promoter may take the form of direct expression in which the structural gene normally controlled 
by the promoter is removed and replaced by the inserted plant structural gene, a start codon being provided 
io either as a remnant of the T-DNA structural gene or as part of the inserted plant structural gene, or by fusion 
protein expression in which part or all of the plant structural gene is inserted in correct reading frame phase 
within the existing T-DNA structural gene. In the latter case, the expression product is referred to as a fusion 
protein. 

Piant tissue: Includes differentiated and undifferentiated tissues of plants including roots, shoots, pollen, 
is seeds, tumor tissue, such as crown galls, and various forms of aggregations of plant cells in culture, such as 
embryos and calluses. 

Plant cell: As used herein includes plant cells in planta and plant cells and protoplasts in culture. 

Production of a genetically modified plant expressing a plant structural gene introduced via T-DNA com¬ 
bines the specific teachings of the present disclosure with a variety of techniques and expedients known in 
20 the art. In most instances, alternative expedients exist for each stage of the overall process. The choice of 
expedients depends on variables such as the choice of the basic TIP, the plant species to be modified and 
the desired regeneration strategy, all of which present alternative process steps which those of ordinary skill 
are able to select and use to achieve a desired result The fundamental aspects of the invention are the nature 
and structure of the plant structural gene and its means of insertion into T-DNA. The remaining steps in ob- 
25 taining a genetically modified plant include transferring the modified T-DNA to a plant cell wherein the modified 
T-DNA becomes stably integrated as part of the plant cell genome, techniques for in vitro culture and eventual 
regeneration into whole plants, which may include steps for selecting and detecting transformed plant cells and 
steps of transferring the introduced gene from the originally transformed strain into commercially acceptable 
cultivars. 

30 A principal feature of the present invention is the construction of T-DNA having an inserted plant structural 

gene under control of a T-DNA promoter, as these terms have been defined, supra. The plant structural gene 
must be inserted in correct position and orientation with respect to the T-DNA promoter. Position has two as¬ 
pects. The first relates to on which side of the promoter the structural gene is inserted. It is known that the 
majority of promoters control initiation of transcription and translation in one direction only along the DNA. The 
35 region of DNA lying under promoter control is said to lie "downstream” or alternatively "behind" the promoter. 
Therefore, to be controlled by the promoter, the correct position of plant structural gene insertion must be 
"downstream” from the promoter. (It is recognized that a few known promoters exert bi-directional control, in 
which case either side of the promoter could be considered to be "downstream" therefrom). The second aspect 
of position refers to the distance, in base pairs, between known functional elements of the promoter, for ex- 
40 ample the transcription initiation site, and the translational start site of the structural gene. Substantial variation 

appears to exist with regard to this distance, from promoter to promoter. Therefore, the structural requirements 
in this regard are best described in functional terms. As a first approximation, reasonable operability can be 
obtained when the distance between the promoter and the inserted structural gene is similar to the distance 
between the promoter and the T-DNA gene it normally controls. Orientation refers to the directionality of the 
45 structural gene. By convention, that portion of a structural gene which ultimately codes for the amino terminus 
of the plant protein is termed the 5’ end of the structural gene, while that end which codes for amino acids 
near the carboxyl end of the protein is termed the 3’ end of the structural gene. Correct orientation of the plant 
structural gene is with the 5* end thereof proximal to the T-DNA promoter. An additional requirement in the 
case of constructions leading to fusion protein expression is that the insertion of the plant structural gene into 
so the T-DNA structural gene sequence must be such that the coding sequences of the two genes are in the same 

reading frame phase, a structural requirement which is well understood in the art. An exception to this require¬ 
ment, of relevance to the present invention, exists in the case where an intron separates the T-DNAgene from 
the first coding segment of the plant structural gene. In that case, the intron splice sites must be so positioned 
that the correct reading frame for the T-DNAgene and the plant structural gene are restored in phase after 
55 the intron is removed by post-transcriptional processing. The source of T-DNA may be any of the TIP plasmids. 
The plant structural gene is inserted by standard techniques well known to those skilled in the art. Differences 
in rates of expression may be observed when a given plant structural gene is inserted under control of different 
T-DNA promoters. Different properties, including such properties as stability, inter-cellular localization, excre- 


9 



EP 0 126 546 B2 


tion, antigenicity and other functional properties of the expressed protein itself may be observed in the case 
of fusion proteins depending upon the insertion site, the length and properties of the segment of T-DNA protein 
included within the fusion protein and mutual interactions between the components of the fusion protein that 
effect folded configuration thereof, all of which present numerous opportunities to manipulate and control the 
5 functional properties of the expression product, depending upon the desired end use. Expression of the pha- 
seolin structural gene has been observed when that gene was inserted under control of the octopine synthe¬ 
tase promoter from an octopine plasmid of A. tumefaciens. 

A convenient means for inserting a plant structural gene into T-DNA involves the use of a shuttle vector, 
as described supra, having a segment of T-DNA (that segment into which insertion is desired) incorporated 
io into a plasmid capable of replicating in E. coli. The T-DNA segment contains a restriction site, preferably one 
which is unique to the shuttle vector. The plant structural gene can be inserted at the unique site in the T-DNA 
segment and the shuttle vector is transferred into cells of the appropriate Agrobacterium strain, preferably one 
whose T-DNA is homologous with the T-DNA segment of the shuttle vector. The transformed Agrobacterium 
strain is grown under conditions which permit selection of a double-homologous recombination event which 
is results in replacement of a pre-existing segment of the T1 plasmid with a segment of T-DNA of the shuttle vector. 

Following the strategy just described, the modified T-DNA can be transferred to plant cells by any techni¬ 
que known in the art For example, this transfer is most conveniently accomplished either by direct infection 
of plants with the novel Agrobacterium strain containing a plant structural gene incorporated within its T-DNA, 
or by co-cultivation of the Agrobacterium strain with plant cells. The former technique, direct infection, results 
20 in due course in the appearance of a tumor mass or crown gall at the site of infection. Crown gall ceils can be 
subsequently grown in culture and, under appropriate circumstances known to those of ordinary skill in the 
art, regenerated into whole plants that contain the inserted T-DNAsegment. Using the method of co-cultivation, 
a certain proportion of the plant cells are transformed, that is to say have T-DNA transferred therein and in¬ 
serted in the plant cell genome. In either case, the transformed cells must be selected or screened to distin- 
25 guish them from untransformed cells. Selection is most readily accomplished by providing a selectable marker 
incorporated into the T-DNA in addition to the plant structural gene. Examples include either dihydrofolate re¬ 
ductase or neomycin phosphotransferase expressed under control of a nopaline synthetase promoter. These 
markers are selected by growth in medium containing methotrexate or kanamycin, respectively, or their ana¬ 
logs. In addition, the T-DNA provides endogenous markers such as the gene or genes controlling hormone- 
30 independent growth of Ti-induced tumors in culture, the gene or genes controlling abnormal morphology of Ri- 
induced tumor roots, and genes that control resistance to toxic compounds such as amino acid analogs, such 
resistance being provided by an opine synthetase. Screening methods well known to those skilled in the an 
include assays for opine production, specific hybridization to characteristic RNA or T-DNA sequences, or im¬ 
munological assays for specific proteins, including ELISA (acronym for "Enzyme Linked knmunosorbant As- 
35 say"), radioimmune assays and "western" blots. 

An alternative to the shuttle vector strategy involves the use of plasmids comprising T-DNA or modified 
T-DNA, into which a plant structural gene is inserted, said plasmids being capable of independent replication 
in an Agrobacterium strain. Recent evidence indicates that the T-DNA of such plasmids can be transferred from 
an Agrobacterium strain to a plant cell provided the Agrobacterium strain contains certain trans-acting genes 
40 whose function is to promote the transfer of T-DNA to a plant cell. Plasmids that contain T-DNA and are able 
to replicate independently in an Agrobacterium strain are herein termed "sub-TIP" plasmids. A spectrum of va¬ 
riations is possible in which the sub-TIP plasmids differ in the amount of T-DNA they contain. One end of the 
spectrum retains all of the T-DNA from the TIP plasmid, and is sometimes termed a "mini-TIP" plasmid. At the 
other end of the spectrum, all but the minimum amount of DNAsurrounding the T-DNA border is deleted, the 
45 remaining portions being the minimum necessary to be transferrable and integratable in the host cell. Such 
plasmids are termed "micro-TIP". Sub-TIP plasmids are advantageous in thatthey are small and relatively easy 
to manipulate directly. After the desired structural gene has been inserted, they can easily be introduced di¬ 
rectly into an Agrobacterium cell containing the trans-acting genes that promote T-DNA transfer. Introduction 
into an Agrobacterium strain is conveniently accomplished either by transformation of the Agrobacterium strain 
so or by conjugal transfer from a donor bacterial ceil, the techniques for which are well known to those of ordinary 
skill. 

Regeneration is accomplished by resort to known techniques. An object of the regeneration step is to obtain 
a whole plant that grows and reproduces normally but which retains integrated T-DNA. The techniques of re¬ 
generation vary somewhat according to principles known in the art. depending upon the origin of the T-DNA, 
55 the nature of any modifications thereto and the species of the transformed plant Plant cells transformed by 
an Ri-type T-DNA are readily regenerated, using techniques well known to those of ordinary skill, without undue 
experimentation. Plant cells transformed by Ti-type T-DNA can be regenerated, in some instances, by the prop¬ 
er manipulation of hormone levels in culture. Preferably, however, the Ti-transfbrmed tissue is most easily re- 
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generated if the T-DNAhas been mutated in one or both of the tmr and tms genes. Inactivation of these genes 
returns the hormone balance in the transformed tissue towards normal and greatly expands the ease and ma¬ 
nipulation of the tissue's hormone levels in culture, leading to a plant with a more normal hormone physiology 
that is readily regenerated. In some instances, tumor cells are able to regenerate shoots which carry integrated 

5 T-DNA and express T-DNA genes, such as nopaline synthetase, and which also express an inserted plant 
structural gene. The shoots can be maintained vegetatively by grafting to rooted plants and can develop fertile 
flowers. The shoots thus serve as parental plant material for normal progeny plants carrying T-DNA and ex¬ 
pressing the plant structural gene inserted therein. 

io Examples 

The following Examples utilize many techniques well known and accessible to those skilled in the arts of 
molecular biology and manipulation of TIPs and Agrobacterium; such methods are not always described in de¬ 
tail. Enzymes are obtained from commercial sources and are used according to the vendor’s recommendations 

is or other variations known to the art Reagents, buffers and culture conditions are also known to those in the 
art. Reference works containing such standard techniques include the following: R. Wu, ed. (1979) Meth. En- 
zymol. 68; J. H. Miller (1972) Experiments in Molecular Genetics; R. Davis et at. (1980) Advanced Bacterial 
Genetics; and R. F. Schlerf and P. C. Wnesink (1982) Practical Methods in Molecular Biology. 

In the Examples, special symbols are used to clarify sequences. Sequences that do or could code for pro- 

20 teins are underlined, and codons are separated with slashes (/). The positions of cuts or gaps in each strand 
caused by restriction endonucleases or otherwise are indicated by the placement of asterisks (*). (In Example 
4 a double-stranded DNA molecule is represented by a single line flanked by asterisks at the sites of restriction 
enzyme cuts; the approximate position of a gene is there indicated by underlined "X^s under the single line). 
With the exception of the plasmid lie, plasmids, and only plasmids, are prefaced with a ”p n , e.g., p3.8 or pKS4. 

25 Cells containing plasmids are indicated by identifying the cell and parenthetically indicating the plasmid, e.g., 
A. tumefaciens (pTi15955) or K802(pKS4-KB). Table 1 provides an index useful for identifying plasmids and 
their interrelationships. Table 2 provides an index of deposited strains. 

Fig. 28 provides a useful comparison of the constructions described in Examples 4, 5, and 7. Fig. 29 sets 
forth the genetic code and is useful for interpreting sequences. The nucleotide sequence of an important T- 

30 DNAgene, tml, though not used in these Examples, is set forth in Fig. 30; it is useful in designing constructions 
not described herein. 

Example 1 

35 The purpose of this construction is to teach how to construct a Shuttle Vector to be used in pTi system for 
expressing foreign genes in crown gall cells, the foreign gene being under control of the nos promoter, part of 
which is chemically synthesized, and is missing codons for the nopaline synthetase gene. Prior to the start of 
construction, a clone of pTiC58 T-DNA (pCF44A) was sequenced to discover the nos promoter (Fig. 2). 

1.1 Isolation of the 5’ portion of the nos promoter 

40 pCF44A is cut with Xhol, religated, and labelled pCF44B, which has the following structure: 

BglU C/a I CJa\ SstU Sst\\ Ssril Bg!\\ 

* 1160 bp * 1300 * 355 * 620 * 420 * 1155 bp 

45 * » XXXXXXXXX * XXXXXXXX * 

3‘ nopaline 5 f 

synthetase 

so This new plasmid is of the SsflI fragments. The resulting plasmid, pCF44C 


55 
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5 


Sgf\\ C/al Cla\ SstU BgfU 

* 1160 * 1300 * 355 • 1155 


* xxxxxxxxxxxxxxx * xxxxxxxxx # 

3' nopaline 5' 

synthetase 


io is digested with 8g/ll, and a 3.6 kbp fragment is inserted into the BgJW site of pRK290. A colony selected for 
hybridization to T-DNA in a Grunstein-Hogness assay is labelled pKS-nopV t digested with C/al t and religated, 
forming pKS-nopVI. 


BgfU Cla\ SstU BgfU 

* 1160 bp * 355 * 1155 bp 


* * xxxxxxxxx * 

S’ 

20 

This is digested with C/a I and Ssfll giving a 22 kbp linearized vehicle and a 355 bp fragment. These 
are easily separated by centrifugation through a salt gradient. After the small fragment is digested with 
H/nfl the 149 bp SsiU/Hinfl and the 208 bp C/ai/Hinfl fragments are isolated by gel electrophoresis. 

1.2 Synthesis of linkers 

25 The following two linkers were synthesized by the method of Example 10: 

a) 

5' AGTCTCATACTCACTCTCAATCCAAATAATCTGCCATGGAT 3' 

30 b) 

5’ CGATCCATGGCAGATTATTTGGATTGAGAGTGAGTATGAG 3' 

They were annealed together to form the following structure: 

35 5' AGTCTCATACTCACTCTCAATCCAAATAATCTGCCATGGAT 3' (a 

3' G AGT AT GAG T G AG AGTT AG GTTT ATT AG AC G QT ACCT AG C 5' (b 


This sequence has a H/nfl site on the left, and Nco\ and C/al sites on the right. An alternate sequence 
will have a Sc/1 site between the Heal and C/al sites. The sequence is identical to that found in T-DNA 
40 except for the underlined bases which replace an A-T base pair with a C-G base pair. 

1.3 Assembly of pNNN2 

The 22 kbp C/al/Ssfll vehicle is ligated as shown in Fig. 4 with the 149 bp Ssfll/H/rrfl fragment and 
the synthetic linker, forming the following structure: 


45 


HinU synthetic linker Nco\ C/el 

5'... 149bp ... TAG # AGT CTCATACTCACTCTCAATCCAAATAATCTGC*CATG GAT*CG AT ... 1160 bp ... 3' 

3' . .. T-DNA . .. ATC TCA*GAGTATGAGTGAGAGTTAGGTTTATTAGACG GTAC*CTA GC*TA . . . T- DNA... 5' 


50 

1.4 Insertion and expression of a phaseolin gene 

pNNN2, the plasmid constructed in Example 1.3 (Fig. 4) is cut with C/al, mixed with the C/al/EcoRI 
linker synthesized in Example 1.2 and electrophoreticafly purified EcoRI/C/al kanf bean fragment from 
pKS4-KB, ligated, transformed, isolated, and restriction mapped. The appropriate plasmid, pNNN4, is 
55 transferred and tested for expression as described in Example 14,12 and 13. 
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Example 2 

The purpose of this construction is to ligate the phaseolin gene from the EcoRI site to BamH\ site, into 
the active T-DNA gene that lies across the H/ndlll sites on p403. The mRNA of this T-DNA gene is labelled 
5 1.6 on the map, shown in Fig. 1, and 1450 bp and Prol in the map shown in Fig 6. This T-DNA gene is referred 

to herein as the "1.6 transcript 0 gene. The sequence (see Fig. 5) was determined from the H/ndlll site of p401 
past the C/al site to its right (see Fig. 9. There is an open reading frame that starts between the H/ndlll and 
C/al site going toward the H/ndlll site (see the 1450 bp mRNA mapped in Fig. 6). The C/al site is in the un¬ 
translated leader of the mRNA of the gene spanning the H/ndllll sites. We create a promoter vehicle by cutting 
io out the Clal fragment in the middle of p403. This is possible because the internal C/al sites are not methylated 
in some E. coli strains, whereas the C/al site next to the EcoRI site is methylated. 

The phaseolin gene is now ligated into the C/al site bringing with it an ATG. This can be accomplished by 
using pKS4-3.0 KB. The base sequence from the C/al site of pBR322 through the EcoRI site of phaseolin is 
as follows: 

15 


5'. 


C/al 

.. AT*C /G AT /GAT/AAG/CTG /CTG 7TCA 


EcoRI 

/AAC /ATG /AG*A/ATT /CTT /TTC . . 


. 3' 


20 


3' ... TA G C*TA CTA TTC GAC GAC AGT TTG TAC TC T TAA*GAA AAC... 5' 

Met Arg / lie Leu Phe .. . 

13 14 15 


... derived from pBR322/phaseofin ... 


25 Note the open reading frame and the ATG. There are 18 bp between the C/al site and the translational start 
signal (ATG). This compares to 12 bp from the C/al site to the start of the T-DNA gene: 

C/al 

5'... AT*CG A/TGG/ACA/TGC/TGT/ATG .. 3' 

30 --- 

3'... TA GC*TACC TGT ACG ACA TAC ... 5' 

Met... 

Again, note the open reading frame and the ATG. Thus, ligation into the C/al site of the promoter done 
35 should create an active phaseolin gene in T-DNA. The phaseolin gene has a substitution of 2 amino acids for 
the naturally occurring amino terminal 12 residues. 

2.1 Construction of a promoter vehicle 

pKSIII, which is a pRK290 done corresponding to the T-DNA done p403 (see Fig. 1), is digested with 
C/al and then religated. The ligation mix is transformed into K802 and selected for kanamycin resistance. 
40 Plasmids are isolated by doing "minipreps" (plasmid preparations from small volume cell cultures) and re¬ 
striction maps are obtained to prove the structure. The new vehicle, pKS-prol, is not able to be digested 
by H/ndlll but can be linearized by C/al (Fig. 7). pKS-prol is purified and linear molecules are produced by 
digestion with C/al. 

2.2 Ligation of a partial phaseolin gene to a kanamycin resistance gene 

45 A 3.0 kbp fragment containing extensive 3’ flanking sequences and all but the extreme 5 ( coding se¬ 

quences of the phaseolin gene was obtained by elution from an agarose gel after electrophoresis of an 
H/ndlll and BamHI digest of p7.2 (Fig. 8), a pBR322 subdone of the phaseolin genomic done 177.4 whose 
construction is described in Example 3.1. This was mixed with and ligated to a 3.0 kbp kanamycin resis¬ 
tance H/ndlll/BamHI fragment similarly isolated from pKS4 (Fig. 13), and Hind Ill-linearized pBR322. After 
so restriction mapping of plasmids isolated from ampicillin resistant transformants, a plasmid having the struc¬ 
ture shown in Fig. 3 was labelled pKS4-KB. 

2.3 Purification of the kanf bean fragment from pKS4-3.0KB 

PKS4-KB (Fig. 3) is digested with C/al and the 4.9 kbp fragment purified by agarose gel electrophor¬ 
esis. 

55 2.4 Ligation of C/al kanf bean resistance gene into C/al digested pKS-Prol 

pKS-prol is linearized by digestion with C/al and the kanamycin resistance gene/bean fragment from 
Example 5.3 are ligated together and transformed into K802. Kanamycin resistant transformants are se¬ 
lected and plasmids isolated bv "minipreps" are restriction mapped to detect one havina the proper orien- 
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tation. The plasmid is labelled pKS-prol-KB (Fig. 9). 

2.5 Transformation and expression 

Cells containing pKS-prol-KB are mated with Agmbacterium cells containing pTi15955 or pTiA66 or 
other appropriate TIP plasmids. After selection of recombinants with kanamycin, plants are inoculated and 
5 crown qalls are established in tissue culture. Testinq for the synthesis of phaseolin is as described in Ex¬ 

amples 12 and 13. 

Example 3 

io This example teaches manipulations of a gene for phaseolin, the major seed storage protein of the bean 
Phaseolus vulgaris L, preparatory to further manipulations which insert the phaseolin gene into vectors de¬ 
scribed in various other examples. 

3.1 Subcloning of a phaseolin gene 

Agenomic clone of phaseolin in a Charon 24A AG-PVPh 177.4 (or 177.4; S. M. Sun etal. (1981) Nature 
is 289 37-41 1 J. L. Slightom et al. (1983) Proc. Natl. Acad. Sci. USA 80; Fig 10) was digested with Bgf II and 

BamH\. The 3.8 kbp fragment carrying the phaseolin gene and its flanking sequences, isolated by agarose 
gel electrophoresis, was mixed with and ligated to BamHI-linearized pBR322. The mixture was transformed 
into HB101, and colonies resistant to ampicillin and sensitive to tetracycline were selected. Plasmid isolated 
from these clones was restriction mapped. A plasmid having the structure shown in Fig. 11 was selected 
20 and labelled AG-pPVPh3.8 (or alternatively, p3.8). The ligation of Bgl\\ and Ba/nHI sites with each other 
inactivates both sites. 

Another subdone of 177.4 was constructed by digestion with EcoRI, isolation of a 7.2 kbp fragment 
containing extensive 3’ flanking sequences and all but the extreme 5* end of the phaseolin gene, and iso¬ 
lated after ampicillin selection of HB101 transformants were restriction mapped. A plasmid having the in- 
25 sert oriented so that the H/ndlll site of pBR322 was adjacent to the 5 V end of the phaseolin gene and distal 

to the 3' untranslated region was labelled AG-pPVPh7.2 (or p7.2; Fig. 8; Sun et at. and Slightom et a/. t 
supra). 

3.2 Cloning and isolation of a kanamycin resistance gene 

pRZ102 (R. A. Jorgenson et al. (1979) Molec. gen. Genet. 177:65-72), a Col El plasmid carrying a 
30 copy of the transposon Tn5, wasdigested with BamH\ and H/ndlll, mixed with pBR322 (Fig. 12) previously 

linearized with the same two enzymes, ligated, and transformed into K802. Plasmids, isolated from trans¬ 
formants selected for resistance to both ampicillin and kanamycin were restriction mapped and one having 
the structure shown in Fig. 13 was labelled pKS-4. 

3.3 Linkage of the phaseolin gene with a kanamycin resistance gene 

35 p3.8 was digested with C/al and Ba/nHI, and a 4.2 kbp fragment containing the phaseolin gene and 

some pBR322 sequences was isolated by agarose gel electrophoresis. This was mixed with a Cla\/BamH\ 
fragment of Tn5 carrying a kanamycin resistance (neomycin phosphotransferase II) gene from pKS4 (Fig. 
13) and pBR322 (Fig. 12) which had been linearized with C/al. The mixture was ligated and transformed 
into K802. After selection of colonies resistant to ampicillin and kanamvcin, plasmids were isolated and 
40 restriction mapped. A colony having the structure shown in Fig. 14 was labelled pKS-KB3.8. 

The construction of another useful plasmid, pKS4-KB, is described in Example 2.2. 

Example 4 

45 The purpose of this example is to generate a Ti plasmid with a deletion from the tms ("shooting" locus) 
through the tmr ("rooting" locus) of pTi15955 and other octopine Ti plasmids. This derivative is useful because 
cells transformed by it are easier to regenerate to whole plants than cells transformed by pTi15955 with intact 
fms and tmr genes. 

The tms-tmr deleted pTi15955 is ultimately changed in two ways: the inactivation of tms-tmr and the in- 
50 sertion of a foreign gene. Should these two changes be located at different points of the T-DNA, each change 
is inserted independently by different shuttle vectors. Each shuttle vector dependent change is selected inde¬ 
pendently which will necessitate use of at least two markers selectable in Agrobacterium. In addition to the 
usual kanamycin resistance, this example utilized a chloramphenicol resistance derived from pBR325. 

4.1 Construction of a chloramphenicol resistance gene done 

55 pBR325 is digested with HincU and blunt end ligated with H/ndlll linkers. The resultant preparation is 

digested with H/ndlll, religated, selected for chloramphenicol resistance (cam), and labelled pKS-5 which 
will serve as a source of the H/ndlll/Bc/l fragment which contains the cam gene (Fig. 15). 

4.2 Construction of a pBR322 done of T-DNA with a deletion and a cam gene 
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A 9.2 kbp linear DNA fragment is isolated from a complete H/ndlll and partial BamH\ digest of p203. 
The fragment carrying the cam gene is isolated from pKS-5, mixed with the 9.2 kbp linear fragment, ligated, 
transformed into E. coli, selected for chloramphenicol resistance, and labelled pKS-Oct.Cam203 (Fig. 16). 
pKS-OcLCam203 is a plasmid done that can now be used to construct a number of deletion TL mu- 
5 tants of pTi15955. It contains the right hand arm of TL and a resistance gene to the left of the right arm. 

We can attach various left-hand arms of TL to the left of the cam gene (H/ndlll site). For instance, if p102 
is attached the deletion is 5.2 kbp long and indudes all of tms and tmr. If pi 03 is attached the deletion is 

3.2 kbp long and indudes part of tms and all of tmr See Fig. 1. 

pKS-OctCam203 is digested with H/ndlll. p102 or p103 is digested with H/ndlll and the 2.2 kbp or 
io 2.0 kbp T-DNAfragment is isolated and ligated with the linearized pKS-Oct.Cam203, transformed, isolated 
yielding pKS-Octdelll (Fig. 17) or pKS-Octdell (Fig. 18), respectively. These constructions are moved into 
A. tumefaciens by mating, homologous recombinations, and selection for chloramphenicol resistance. Al¬ 
ternatively, one moves the constructions into pRK290 by use of established methods by linearizing the 
construction carrying plasmids with BamHI and ligating into the Bgl II site of pRK290 (Fig. 19). 

15 

Example 5 

The Ti plasmid is mutated in this example by deleting the T-DNA between the Hpal site in tmr to the Sma\ 
site in tml. The Ti plasmids that can be modified include pTi15955, pTiB6, pTiA66 and others. This construction 
20 is diagrammed in Fig. 20. 

5.1 Isolation of the cam gene 

pKS-5 (Fig. 15) is digested with H/ndlll and Bc/1. The smallest fragment is isolated after separation 
on an agarose gel, as taught in Example 4. 

5.2 Construction of a pBR322 done of T-DNA with a deletion 

25 The right hand arm of the T-DNA deletion is constructed by insertion of Bg/ll sites into the Sma\ sites 

of p203 (see Fig. 1). p203 is digested by S/nal, ligated with Bg/il linkers, digested with Bg/ll, religated, and 
transformed into K802. In an alternative construction, BamHI linkers may be substituted for Bg/ll linkers 
and the appropriate BamHI partial digest products are isolated). The resultant plasmid is labelled p203- 
Bg/ll, and is digested with Bg/ll and H/ndlll. The large Bg/tl/H/ndlll vector containing fragment is ligated 
30 with the chloramphenicol resistance fragment whose isolation was described in Example 5.1. Chloram¬ 
phenicol resistance is selected for after transformation into K802. The resultant plasmid is labelled p2f (Fig. 
20 ). 

5.3 Construction are left-hand arm of T-DNA deletion clone 

H/ndlll sites are inserted into the Hpal site of p202 by digestion with Hpal and ligation with H/ndlll link- 
35 ers. After unmasking of the H/ndlll sticky ends by digestion with that restriction enzyme, the 2 kbp Hpal 
fragment which now bears H/ndlll ends is isolated. The H/ndlll digested H/ndlll-ended Hpal fragment is 
transformed into K802. After a colony containing the desired construction is isolated, and characterized, 
the plasmid is labelled p3e (Fig. 21). 

5.4 Construction of the T-DNA deletion clone 

40 The left-hand arm of the done is obtained by purifying a 2 kbp fragment of a H/ndlll digest of p3e by 

elution from an agarose gel after electrophoresis. p2f is cut by H/ndlll, treated with alkaline phosphatase, 
mixed with the 2 kbp fragment, ligated, transformed into K802, and selected for chloramphenicol resis¬ 
tance. Plasmids are isolated from individual colonies and characterized by restriction mapping. A plasmid 
having the two arms in the desired tandem orientation is chosen and labelled pKS-Oct.dellll (Fig. 22). 

45 pKS-Oct.dellll is moved into A. tumefaciens by mating, and homologous recombinants are selected 

with chloramphenicol. Sunflower and tobacco roots and shoots are inoculated as described in other Ex¬ 
amples and the tumors generated are tested for opines. 

Example 6 
so 

This example teaches a construction deleting tmr and tml that provides an alternative to that taught in 
Example 5. 

6.1 Construction of a chloramphenicol resistant fragment with a Bg/ll site 

pBR325 is digested with H/ncll, blunt-end ligated with Bg/ll linkers, digested with 3g/ll, and religated 
55 (Fig. 23). Chloramphenicol resistance is selected for after transformation of either K802 or GM33. The re¬ 
sultant plasmid, pKS-6 serves as a source of the Bg/ll/Bc/l fragment carrying the cam gene. 

6.2 Construction of the tmr, tml deletion done 

p203 is digested with Hpal and Smal. After blunt end ligation with Bg/ll linkers, it is digested with Bg/ll 
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to expose the Bgl\\ sticky-ends, religated, and transformed into K802. The desired construction is identified 
and labelled p2 (Fig. 24). 

6.3 Construction of the T-DNA deletion done (pKS-OcLdelllla) 

The Bgl\\ fragment carrying the cam gene is isolated from pKS-6 and ligated into Bg/ll-cut p2. Chlor- 
5 amphenicol resistance is selected for after transformation of K802. The resultant plasmid is labelled pKS- 

Oct.delllla (Fig. 25), and is tested as described in Example 5.4. 

Example 7 

io The purpose of this construction is to provide an example of the mutation of the tmr locus only at the Hpal 

site by insertion of the chloramphenicol resistance gene. This gene is isolated as the Bgl\\IBcl\ fragment from 
pKS-6, and is ligated into the Hpal site of p203 after that site is changed to a Bgl\\ site. 

7.1 Conversion of the Hpal site to a BgIM site 

p203 is digested with Hpal, ligated to BgIM linkers, trimmed with BgIM and religated. After transforme¬ 
rs tion of K802, colonies are selected and screened by restriction mapping for insertion of BgIM sites (Fig.26). 

7.2 Isolation of the cam gene 

pKS-6 is digested with BgIM and Sc/I. The smallest fragment is isolated by agarose gel electrophoresis. 

7.3 Construction of the mutated T-DNA done 

The modified p203 from Example 7.1 is digested with Bgfll, ligated with the purified cam gene from 
20 Example 7.2 and transformed into K802. Chloramphenicol resistance is selected for, and after isolation 
from the resistant transformants and characterization by restriction enzyme mapping, the plasmid is lab¬ 
elled pKS-Oct.f/nr(Fig. 27). 

Example 8 
25 

Regeneration in this example involves carrot tumors incited by an Ri-based TIP plasmid and is effected 
essentially as described by M. D. Chilton et al. (1982) Nature 295:432-434. 

8.1 Infection with hairy root 

Carrot disks are inoculated with about 10594 bacteria in 0.1 ml of water. One to 1.5 cm segments of 
30 the ends of the roots obtained are cutoff, placed on solid (1-1.5% agar) Monier medium lacking hormones 
(D. A. Tepfer and J. C. Tempo (1981) C. R. Hebd. Seanc. Acad. Sci., Paris 295:153-156). and grown at 
25°C to 27°C in the dark. Cultures uncontaminated by bacteria are transferred every 2 to 3 weeks and 
are subcultured in Monier medium lacking hormones and agar. 

8.2 Regeneration of roots to plants 

35 The cultured root tissue described in Example 8.1 is placed on solidified (0.8% agar) Monier medium 

supplemented with 0.36 pM 2,4-D and 0.72 pM kinetin. After 4 weeks, the resulting callus tissue is placed 
in liquid Monier medium lacking hormones. During incubation at 22 to 25°C on a shaker (150 r.p.m.) for 
one month, the callus disassociates into a suspension culture from which embryos differentiate, which, 
when placed in Petri dishes containing Monier medium lacking hormone, develop into plantiets. These 
40 plantiets are grown in culture, and after "hardening" by exposure to atmospheres of progressively decreas¬ 
ing humidity, are transferred to soil in either a greenhouse or field plot. 

8.3 Use of non-hairy root vectors 

Ti-based vectors which do not have functional tmr genes are used instead of the Ri-based vectors as 
described in Examples 8.1 and 8.2. Construction of suitable deletions is described in Examples 5, 6 and 
45 7. 

Example 9 

Regeneration in this example involves tobacco tumors incited by a Ti-based TIP plasmid and is effected 
so essentially as described by K. A. Barton etal. (1983) Cell, 32:1033-1034. 

9.1 Infection with crown gall 

Tobacco tissue is transformed using an approach utilizing inverted stem segments first described by 
A. C. Braun (1956) Cane. Res. 16: 53-56. Stems are surface sterilized with a solution that was 7% com¬ 
mercial Chlorox and 80% ethanol, rinsed with sterile distilled water, cut into 1 cm segments, and placed 
55 basal end up in Petri dishes containing agar-solidified MS medium (T. Murashige and F. Skoog (1962) Phys¬ 

iol. Plant. 15:473-497) lacking hormones. Inoculation is effected by pucturing the cut basal surface of the 
stem with a syringe needle and injecting bacteria. Stems are cultured at 25°C with 16 hours of light per 
day. The calli which develop are removed from the upper surface of the stem segments, are placed on 
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solidified MS medium containing 0.2 mg/ml carbenicillin and lacking hormones, are transferred to fresh 
MS-carbenicillin medium three times at intervals of about a month, and are tested to ascertain whether 
the cultures had been ridden of bacteria. The axenic tissues are maintained on solidified MS media lacking 
supplements under the culture conditions (25°C; 16 hn8 hr light:dark) described above. 

5 9.2 Culture of transformed tissue 

Clones are obtained from the transformed axenic tissues as described by A. Binns and F. Meins (1979) 
Planta 145: 365-369. Calli are converted into suspensions of cells by culturing in liquid MS having 0.02 mg/1 
naphthalene acetic acid (NAA) at 25°C for 2 or 3 days while being shaken at 135 r.p.m., and filtering in 
turn through 543 and 213 ^m stainless steel meshes. The passed filtrate is concentrated, plated in 5 ml 
io of MS medium containing 0.5% melted agar, 2.0 mg/I NAA, 0.3 mg/I kinetin and 0.4 g/1 Difco yeast extract 
at a density of about 8 x 10534 cells/ml. Colonies reaching a diameter of about 1 mm are pciked by scalpel 
point, placed onto and grown on solidified MS medium having 2.0 mg/I NAA and 0.3 mg/I kinetin. The re¬ 
sulting calli are split into pieces and tested for transformed phenotypes. 

9.3 Regeneration of plants 

15 Transformed clones are placed onto solidified MS medium having 0.3 mg/I kinetin, and cultured as 

described in Example 9.1. The shoots which form are rooted by putting them on a solid (1.0% agar) medium 
containing 1/10 strength MS medium salts, 0.4 mg/I thiamine, lacking sucrose and hormones, and having 
a pH of 7.0. Rooted plantlets are grown in culture, hardened as described in Example 8.2, and are trans¬ 
ferred to soil in either a greenhouse or field plot. 

20 9.4 Vectors used 

The methods described in Examples 9.1,9.2 and 9.3 are suitable Ti-based vectors lacking functional 
tmr genes. Construction of suitable deletions is described in Examples 5,6 and 7. These methods are also 
effective when used with Ri-based vectors. The method described in Example 9.1 for infection of inverted 
stem segments is often useful for the establishment of TIP transformed plant cell lines. 

25 

Example 10 

The techniques for chemical synthesis of DNA fragments used in these Examples utilize a number of tech¬ 
niques well known to those skilled in the art of DNA synthesis. The modification of nucleosides is described 
30 by H. Schaller et a/. (1963) J. Amer. Chem. Soc. 85:3821-3827. The preparation of deoxynucleoside phosphor- 
amidites is described by S. L. Beaucage and M. H. Caruthers (1981) Tetrahedron Lett 22:1859. Preparation 
of solid phase resin is described by S. P. Adams et at. (1983) J. Amer. Chem. Soc. Hybridization procedures 
useful for the formation of double-stranded synthetic linkers are described by J. J. Rossi et at. (1982) J. Biol. 
Chem. 257:9225-9229. 

35 

Example 11 

Phaseolin is the most abundant storage protein (approximately 50% of the total seed protein) of Phaseoiis 
vulgaris. Transfer of the functional phaseolin gene to alfalfa plants and translation of the phaseolin m-RNA into 
40 stored phaseolin is of significant economic value since it introduces storage protein into leaf material to be used 
as fodder. Alfalfa is a valuable plant for the transfer and expression of the phaseolin gene because of its ac¬ 
ceptance as cattle fodder, its rapid growth, its ability to fix nitrogen through rhizobial symbiosis, its susceptibility 
to crown gall infection and the ability to regenerate alfalfa plants from single cells or protoplasts. This example 
teaches the introduction of an expressible phaseolin gene into intact alfalfa plants. 

45 11.1 Construction of shuttle vector 

Alfalfa plants are regenerated from crown gall tissue containing genetically engineered Agrobacterium 
plasmids as described hereafter. In the first step we construct a "shuttle vector" containing a /m/5-4 and 
a fms5-T-DNA mutant linked to a phaseolin structural gene under control of a T-DNA promoter. This con¬ 
struction is, in turn, linked to a nopaline synthetase promoter which has a functional neomycin phospho- 
50 transferase (NPTII) structural gene (kanamycin resistance) downstream (reported by M. D. Chilton, et at. 
(18 January 1983) 15th Miami Winter Symposium; see also J. L. Marx (1983) Science 219 :830 and R. 
Horsch et at. (18 January 1983) 15th Miami Winter Symposium). A phaseolin structural gene under control 
of a T-DNA promoter is illustrated in Example 2. 

11.2 Transfer to Agrobacterium and plant cells 

55 The "shuttle vector" is then transformed by conventional techniques (Example 14) into a strain df Agro¬ 

bacterium containing a Ti plasmid such as pTi15955. Bacteria containing recombinant plasmids are se¬ 
lected and co-cultivated with alfalfa protoplasts which are regenerated cell walls (Marton et at. (1979) Na¬ 
ture 277:129-131; G. J. Wullems etat. (1981) Proc. Naf I Acad. Sci. (USA) 78:4344-4348; and R. B. Horsch 
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and R. T. Fraley (18 January 1983) 15th Miami Winter Symposium). 

Cells are grown in culture and the resulting callus tissue is tested for the presence of the appropriate 
mRNA by Northern blotting (Example 19) and for the presence of the appropriate proteins by ELISA tests 
(Example 13) (see J. L. Marx (1983) Science 219: 830; R. B. Horsch and R. T. Fraley (18 January 1983) 
5 15th Miami Winter Symposium). 

11.3 Plant regeneration 

Alfalfa plants are then regenerated from callus tissue by methods similar to those previously used by 
A. V. P. Dos Santos et a/. (1980) Z. Pflanzenphysiol. 99:261-270. T. J. McCoy and E. T. Bingham (1977) 
Plant Sci. Letters 70:59-66 and K. A. Walker et a/. (1979) Plant Sci. Letters 16: 23-30. These regenerated 
io plants are then propagated by conventional plant breeding techniques forming the basis for new commer¬ 
cial varieties. 

Example 12 

is In all Examples, RNA was extracted, fractionated, and detected by the following procedures. 

12.1 RNA extraction 

This procedure was a modification of Silflow etal. (1981) Biochemistry 13: 2725-2731. Substitution of 
LiCI precipitation for CsCI centrifugation was described by Murray et a/. (1981) J. Mol. Evol. 17:31-42. Use 
of 2M LiCI plus 2M urea to precipitate was taken from Rhodes (1975) J. Biol. Chem. 25:8088-8097. 

20 Tissue was homogenized using a polytron or ground glass homogenizer in 4-5 volumes of cold 50 mM 

Tris-HCI (pH 8.0) containing 4% p-amino salicylic acid, 1% tri-isopropyl naphthalene sulfonic acid, 10 mM 
dithbthreitol (freshly made) and 10 mM Na-metabisulfite (freshly made). N-octanol was used as needed 
to control foaming. An equal volume of Tris-saturated phenol containing 1% 8-hydroxyquinoline was added 
to the homogenate which was then shaken to emulsify and centrifuged at 20,000-30,000 g for 15 minutes 
25 at 4°C. The aqueous upper phase was extracted once with chloroform/octanol (24:1) and centrifuged as 
above. Concentrated LiCI-urea solution was then added to a final concentration of 2M each and the mixture 
was left to stand at 20°C for several hours. The RNA precipitate was then centrifuged down and washed 
wth 2M LiCI to disperse the pellet. The precipitate was then washed with 70% ethanol-0.3M Na-acetate 
and dissolved in sufficient sterile water to give a clear solution. One half volume of ethanol was added 
30 and the mixture put on ice for 1 hour, after which it was centrifuged to remove miscellaneous polysacchar¬ 
ides. The RNA precipitate was then recovered and re-dissolved in water or in sterile no salt poly(U) buffer. 

12.2 Poly(U)/Sephadex chromatography 

Two poly(U) Sephadex (trademark: Pharmacia, Inc., Uppsala, Sweden) buffers were used; the first 
with no salt containing 20 mM Tris, 1 mM EDTAand 0.1% SDS, and the second with 0.1M NaCI added to 
35 the first. In order to obtain a good match at A42605, a 2x stock buffer should be made and the salt added 
to a portion. After adjusting the final concentrations, the buffers were autoclaved. 

Poly(U) Sephadex was obtained from Bethesda Research Laboratories and 1 gm poly(U) Sephadex 
was used per 100 pg expected poly(A)RNA. The poly(U) Sephadex was hydrated in no salt poly-U buffer 
and poured into a jacketed column. The temperature was raised to 60°C and the column was washed with 
40 no salt buffer until the baseline at 260 mm was flat Finally the column was equilibrated with the salt con¬ 
taining poly(U) buffer at 40°C. The RNA at a concentration of less than 500 pg/ml was then heated in no 
salt buffer at 65°C for 5 minutes, after which it was cooled on ice and NaCI added to a concentration of 
0.1 M. The RNA was then placed on the column which should be run at no more than 1 ml/min until the 
optical density has fallen to a steady baseline. The column temperature was then raised to 60°C and the 
45 RNA was eluted with no salt poly(U) buffer. The RNA will usually wash off in three column volumes. The 
eluted RNA was then concentrated with secondary butanol to a convenient volume after addition of NaCI 
to 10 mM, and precipitated with 2 volumes ethanol. The ethanol precipitate was dissolved in water and 
NH445-acetate added to 0.1 M, followed by re-precipitation with ethanol. Finally the RNA was redissolved 
in sterile water and stored at -70°C. 
so 12.3 Formaldehyde RNA gels 

The method used followed that of Thomas (1980) Proc. Natl Acad. Sci. (USA) 77:5201 and Hoffman, 
etal . (1981) J. Biol. Chem. 256:2597. 

0.75-1.5% agarose gels containing 20 mM Na-phosphate (pH 6.6-7.0) were cast. If high molecular 
weight aggregate bands appeared, then the experiments were repeated with the addition of 6% or 2.2M 
55 formaldehyde (use stock solution of 36%) to the gels. The formaldehyde was added to the agarose after 
cooling to 65°C. Addition of formaldehyde caused visualization with ethidium bromide to be very difficult 
The running buffer was 10 mM Na-phosphate (pH 6.8-7.0). 

Prior to electrophoresis, the RNA was treated with a denaturing buffer having final concentrations of 
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6 % formaldehyde, 50% formamide, 20 mM Na-phosphate buffer and 5 mM EDTA. The RNA was incubated 
in the buffer at 60°C for 10-20 minutes. The incubation was terminated by addition of stop buffer. For a 
20 til sample, 4 pi 50% glycerol, 10 mM EDTA, 5 mM Na-phosphate and brompheonl blue were added. 
Submerged electrophoresis was used. The RNA was loaded before the gel was submerged, and run 
5 into the gel at 125 mAfor 5 minutes. The gels were then submerged and the current reduced to 30 mA 

(overnight) or 50 mA(6-8 hours). The buffer was recirculated and the electrophoresis was done in a cold 
room. 

12.4 "Northern" blots 

If the gel was to be blotted to detect a specific RNA, it was not stained; but a separate marker lane 
io was used for staining. Staining was with 5 pg/ml ethidium bromide in 0.1 M Na-acetate and destaging was 

for several hours in 0.1 M Na-acetate. Treatment in water at 60-70°C for 5-10 minutes prior to staining help¬ 
ed visualization. 

A gel to be blotted was soaked for 15 minutes in 10x standard saline citrate (SSC)-3% formaldehyde. 
If large RNA molecules were not eluting from the gel then a prior treatment in 50 mM NaOH for 10-30 min¬ 
ts utes helped to nick the RNA. If base treatment was used, the gel should be neutralized and soaked in SSC- 
formaldehyde before blotting. Transfer of the RNA to nitrocellulose was done by standard methods. 

Prehybridization was done at 42°C for a minimum of 4 hours in 50% formamide, 10% dextran sulfate, 
5xSSC, 5xDenhardt's, 100 pg/ml denatured carrier DNA, 20 pg/ml poly(A), 40 mM Na-phosphate (pH 6.8- 
7.0) and 0.2% SDS. Hybridization was done by addition of the probe to the same buffer with overnight 
20 incubation. The probe was not be used at more than approximately 5x10554 c.p.m./ml. 

After hybridization, the nitrocellulose was washed a number of times at42°C with 2xSSC, 25 mM Na- 
phosphate, 5 mM EDTA and 2 mM Na-pyrophosphate followed by a final wash for 20 minutes at 64°C in 
1 xSSC. Best results were obtained if the filter was not dried prior to autoradiography and the probe could 
be removed by extensive washing in 1 mM EDTA at 64°C. 13 

25 

Example 13 

"Western" blots, to detect antigens after SDS-polyacrylamide gel electrophoresis, were done essentially 
as described by R. P. Legocki and D. P. S. Verma (1981) Analyt. Biochem. Ill: 385-392. Micro-ELISA(Enzyme- 
30 Linked [mmuno-Sorbant Assay) assays were done using immulon-2 type plates with 96 wells by the following 
steps: 

13.1 Binding antibody to plates 

On Day 1, the wells were coated with 1:1000 dilution of antibody (rabbit antiphaseolin IgG) in coating 
buffer. 200 pl/well incubated at 37°C for 2-4 hours. The plates were covered with Saran Wrap. Then the 
35 plates were rinsed three times with phosphate buffered saline-Tween (PBS-Tween) allowing a 5 minute 
waiting period between each rinse step. Then 1 % bovine serum albumin (BSA) was added to rinse and, 
after addition to the well, left to sit for 20 minutes before discarding. Rinsing was repeated five times more 
with PBS-Tween. 

13.2 Tissue homogenization 

40 The tissue was sliced up into small pieces and then homogenized with a polytron using 1 gm of tis¬ 

sue/ml phosphate buffered safine-Tween-2% polyvinyl pyrrolidone-40 (PBS-Tween-2% PVP40). All sam¬ 
ples were kept on ice before and after grinding and standard phaseolin curves were obtained. One standard 
curve was done in tissue homogenates and one standard curve was also done in buffer to check the re¬ 
covery of phaseolin when ground in tissue. Following centrifugation of the homogenized samples, 100 pi 
45 of each sample were placed in a well and left overnight at 4°C. To avoid errors, duplicates of each sample 
were done. The plates were sealed during incubation. 

13.3 Binding enzyme 

After the overnight incubation, the antigen was discarded and the wells were washed five times with 
PBS-Tween allowing 5 minutes between each rinse. 

so A conjugate (rabbit anti-phaseolin IgG alkaline phosphatase-linked) was then diluted 1:3000 in PBS- 

Tween-2% PVP containing 0.2%BSA and 150 pi was added to each well; followed by incubation for 3-6 
hours at 37°C. After the incubation, the conjugate was discarded and the wells were rinsed five times with 
PBS-Tween, allowing five minutes between each rinse as before. 

13.4 Assay 

55 Immediately before running the assay, a 5 mg tablet of p-nitrophenyl phosphate (obtained from Sigma 

and stored frozen in the dark) was added per 10 ml substrate and vortexed until the tablet was dissolved. 
200 pi of the room temperature solution was quickly added to each well. The reaction was measured at 
various times, e.g. t=0,10, 20,40, 60,90 and 120 minutes, using a dynatech micro-elisa reader. When p- 
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nitrophenyi phosphate, which is colorless, was hydrolysed by alkaline phosphatase to inorganic phosphate 
and p-nitrophenol, the latter compound gave the solution a yellow color, which could be spectrophotomet- 
rically read at 410 nm. The lower limit of detection was less than 0.1 ng. 

5 Example 14 

Triparental matings were generally accomplished as described below; other variations known to those skil¬ 
led in the art are also acceptable. E. co//K802 (pRK290-based shuttle vector) was mated with E. co//(pRK2013) 
and an A. tumefaciens strain resistant to streptomycin. The pRK2013 transferred to the shuttle vector carrying 
io strain and mobilized the shuttle vector for transfer to the Agrobacterium . Growth on a medium containing both 
streptomycin and the drug to which the shuttle vector is resistant, often either kanamycin or chloramphenicol, 
resulted in the selection of Agrobacterium cells containing shuttle vector sequences. A mating of these cells 
with Eco//(pPH1J1) resulted in the transfer of pPHIJI to the Agrobacterium cells. pPHIJI and pRK290-based 
shuttle vectors cannot coexist for long in the same cell. Growth on gentamycin, to which pPHIJI carries a re¬ 
ts sistance gene, resulted in selection of ceils having lost the pRK290 sequences. The only cells resistant to strep¬ 
tomycin, gentamycin, and either kanamycin or chloramphenicol are those which have T1 plasmids that have 
undergone double-homologous recombination with the shuttle vector and now carry the desired construction. 

The strains listed in Table 2 all resemble their parent strains in morphology. Similarly, the physiological 
characteristics of the listed strains are generally those of the parent strains, except where otherwise indicated 
20 in any of the foregoing description. Table 1 and the Figures. 


25 TABLE 1 



Plasmid, 
bacterium, 
strain, etc. 

Made or used 
in Example: 

Shown in 
figure: 

30 

Charon 24A 

3.1 



ColEI 

3.2 



GM33 

3.2 


35 

HB101 

3.1 



K802 

ubiquitous 



P0R322 


12 

40 

PBR325 


23, 15 


pcDNA31 


10 

45 

pCF448 

1.1 



pCFd4C 

1.1 



PJS3.8 



50 

pKS-KB3.8 

3.3 

19 


pKS-nopV 

2.1 



pKS-nopVI 

2.1 

4 


References, comments. 
Made out of or synonyms _ 

Bacteriophage vector 
based on lambda 


£ coli 
£ co// 

£ CO//, w. B. Wood (1966) 
J. Mol. Biol. 76:118 

F. Bolivar, et ai. (1978) 
Gene 2:95—113 

F. Bolivar (1978) Gene 
4:121—136 

pBR322/phas. cONA equivalent to pMC6 

pCF44A 

pCF448 

-p3.8 

pBR32Z pKS-4, p3.8 
pCF44c, pRK290 
pKS-nopV 


55 
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TABLE 1 (continued) 


Plasmid. 

bacterium. Made or used 

strain, etc. in Example: 

pKS-oct.cam203 4.2 

pKS-oct.dell 4.2 

pKS-oct.deJII 4.2 

pKS-oct.delin 5.4 

pKS~ocLdelllla 6.3 

pKS-oct.tmr 7.3 

pKS-prol 2.1 

pKS-prol*KB 2.4 

pKS4 3.2 

pKS4-KB 22 

pKS-5 4.1 

pKS-6 6.1 

pKSIlt (2 .1) 

pNNN2 1.3 

pNNNA 1.4 

pPHIJl _ 14 


Shown in 
figure: 

Made out of 

16 

pKS-5. p203 

2ft. 18 

pKS-octcam203. pi 03 

2% 18 

pKS-oct.cam203. pi02 

22 

p2f. p3e 

2fty 25 

pK5*6, p2 

27 

pKS-6. p203 

7 

pICSIll 

9 

pKS-prol. pKS4-KB 

13 

PBR322. pRZ102 

3 

P&R322. pKS4. p7.2 

15 

pBR325 

23 

pBR325 

7 

pRK290. p403 

4 

pKS-nopVI 


pKS4-KB. pNNN2 


References, comments, 
or synonyms 


p2f-rt./p3e-ft. 


a pKS4-3.0KB. =pKS4-KB3.0 


used to eliminate shuttle 
vector, same exclusion 
group as pRK290. carries 
gene for resistance to 
gentamyctn. P. R. Hirsh 
(1973) Thesis. Umv. 

E. Anglia 
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TABLE 1 (continued) 



Plasmid, 
bacterium, 
strain, etc. 

Made or used 
in Example 

Shown in 
figure: 

Made out of 

References, comments, 
or synonyms 

10 

pflK290 

common 

19 


G. Dina, et at. (1980) Proc. 

Nat Acad. Sci. USA 
77:7347—7357 

15 

pRK2013 

14 



used to mobilize the shuttle 
vector, carries tra genes that 
mobilize a mob site on 
pRK290 for conjugations) 
transfer of pRK290 to 
Agrobacterium. 0. H. Rgurski & 
0. R. Hetinski. (1979) Proc. Nat. 
Acad. Set. USA 75:1648—1652 

20 

pRZl02 

(3.2) 


CoiEI, Tn5 

-p7.2 


pTiA66 

2,5 



octopine-type plasmid, 
pTiAfi with a natural 
insertion in tms 
pTtB6 

25 

pTiB6 

(5) 





pTICSfi 

(1) 



nopaiine-type plasmid 


p Til 5955 

common 

1,6 


octopine-type plasmid 


P2 

6.2 

24 

p203 


30 

P 2f 

5.? 

20 

pKS5, p203-Bglll 

-pKS-ocLcam203 


p2f-rt./p3e*1ft. 


28 


BpKS-oct.cam203 


p2f-rt^pl02-1ft 

5.5 

28 

p2f, pi02 


35 

p2f-rtJp 103-1 ft. 

5.5 

28 

p2f. pi03 



P3e . 

5.3 

21 

PBR322. p202 



p3.8 

3.1 

11 

pBR32Z 177.4 

-PJS3.8 

40 

P7.2 

3.1 

8 

pBR322, 177.4 

-pSS72 ( S. M. Sun, et at. 

(1981) Nature 257:32—41 


p202 


21 

PBR32Z pTII 5955 



p203 

4, 5, 

6,7 

20, 24, 
25, 31 

PBR322, pTil5955 


45 

p203-Bglll 

5.2 

20 

p203 



p401 

2 

6 de£ 

pBR322, pTi15955 



50 


55 
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TABLE 1 (continued) 


Plasmid. 

bacterium. 

Made 

or used Shown 

in 

References, comments. 

strain, etc. 

in Example: » figure: 

Made out of 

or synonyms 

p403 

2 


PBR322. pTi 15955 


177.4 

(3.1) 

10 

Charon 24A/pha$. gene 

AG-PVPh 177.4. S. M. 
Sun at at. (1981) Nature 
289:37—41 




TABLE 2 




NRRL B-1S376 

A. tumefacienslo 15955-12A 

* 



NRRL B-15394 

£ co/i C600/pKS4 




NRRL B-15392 

£ co/i HBl01/p3.8 




NRRL B-1S391 

£ coff HB101/peONA31 




ATCC 39181 

£ co/i HB101/pPVL134 



25 

Claims 


1. A DNA vector comprising T-DNA having a plant structural gene inserted therein under the control of the 
promoter of the "1.6" transcript of T-DNA, the promoter and the plant structural gene being in such a pos- 

30 ition and orientation with respect to each other that the plant structural gene is expressible in a plant cell 

under control of the T-DNA promoter, and the plant structural gene comprising an intron. 

2. A DNA vector according to claim 1 wherein the T-DNA contains an inactivating mutation in tms or tmr. 

35 3. A bacterial strain containing and replicating a vector according to claim 1 or claim 2. 

4. The bacterial strain of claim 3 comprising Agrobacterium tumefaciens or Agrobacterium rhizogenes . 

5. A method for genetically modifying a plant cell, comprising the steps of: 

(a) inserting a plant structural gene into T-DNA comprising the promoter of the " 1 . 6 " transcript of T- 

40 DNA, the promoter and the plant structural gene being in such a position and orientation with respect 

to each other that the plant structural gene is expressible in a plant cell under the control of the T-DNA 
promoter, and the plant structural gene comprising an intron, thereby forming a T-DNA promoter/plant 
structural gene combination, and then 

(b) transferring the T-DNA promoter/plant structural gene combination into a plant cell. 

45 

6 . A method according to claim 5, further comprising after execution of step (b) the step of: 

(c) detecting expression of the plant structural gene in a plant cell containing the T-DNA promoter/plant 
structural gene combination. 


so 7. A method according to claim 5, wherein the plant structural gene encodes a seed storage protein. 

8 . A method according to claim 5, wherein the plant structural gene encodes phaseolin. 

9. A method according to claim 5, wherein the T-DNA promoter/plant structural gene combination is main- 

03 tained and replicated prior to step (b) as part of a shuttle vector. 

10. A method according to claim 5, wherein the plant structural gene is fused to a T-DNA structural gene, 
whereby the T-DNA structural gene/plant structural gene combination encodes a fusion protein comprising 
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T-DNA encoded protein and plant protein sequences. 

11. A method according to claim 5 t wherein the cell is from a dicotyledonous plant. 

12. A method according to claim 11, wherein the dicotyledonous plant is a member of the Compositeae or 
the Leguminoseae . 

13. A plant tissue or a plant cell produced according to the method of any of claims 5-12. 

14. A plant grown from a plant tissue or plant cell according to claim 13. 


15 


20 


30 


PatentansprQche 

1. DNA-Vektor, umfassend eine T-DNA mit einem darin eingefugten unter der Kontroile des Promotors des 
"1,6"-Transkripts der T-DNA stehenden Pflanzenstrukturgen, wobei der Promotor und das Pflanzenstruk- 
turgen in solcher Lage und Orientierung zu einander sind, daft das Pflanzenstrukturgen in einer Pflan- 
zenzelle unter der Kontroile des T-DNA-Promotors exprimierbar ist, und das Pflanzenstrukturgen ein 
Intron umfaBt 


2. DNA-Vektor nach Anspruch 1, worin die T-DNA eine inaktivierende Mutation in tms Oder tmr e nth alt 

3. Bakterienstamm, der einen Vektor nach Anspruch 1 oder 2 enthalt und repliziert 

4. Bakterienstamm nach Anspruch 3, umfassend Agrobacterium tumefaciens Oder Agrobacterium 

25 rhizogenes. 

5. Verfahren zur genetischen Modifizierung einer Pflanzenzelle, bei dem 

(a) ein Pflanzenstrukturgen in eine den Promotor des "1,6" Transkripts der T-DNA umfassende T-DNA 
eingefugt wird, wobei der Promotor und das Pflanzenstrukturgen in solcher Lage und Orientierung zu- 
einander sind, dad das Pflanzenstrukturgen in einer Pflanzenzelle unter der Kontroile des T-DNA-Pro- 
motors exprimierbar ist, und das Pflanzenstrukturgen ein Intron umfa&t, wodurch eine T-DNA-Promo- 
tor/Pflanzenstrukturgen-Kombination gebildet wird und dann 

(b) die T-DNA-Promotor/Pflanzenstrukturgen-Kombination in eine Pflanzenzelle transferiert wird. 

6 . Verfahren nach Anspruch 5, bei dem ferner nach Durchfuhrung von Schritt (b) 

(c) die Expression des Pflanzenstrukturgens in einer die T-DNA-Promotor/Pflanzenstrukturgen-Kombi- 
nation enthaltenden Pflanzenzelle nachgewiesen wird. 


35 


7. Verfahren nach Anspruch 5, worin das Pflanzenstrukturgen ein Saatiagerungs-Protein codiert 

40 8 . Verfahren nach Anspruch 5, worin das Pflanzenstrukturgen Phaseolin codiert 

9. Verfahren nach Anspruch 5, worin die T-DNA-Promotor/ Pflanzenstrukturgen-Kombination stabil gehal- 

ten und vor Schritt (b) als Teil eines Shuttle-Vektors repliziert wird. 

45 10. Verfahren nach Anspruch 5, worin das Pflanzenstrukturgen mit einem T-DNA-Strukturgen fusioniert wird, 

wodurch die T-DNA-Strukturgen/Pflanzenstrukturgen-Kombination ein Fusionsprotein codiert, das T- 
DNA cod ter te Protein- und Pfanzenproteinsequenzen umfa&t. 

11. Verfahren nach Anspruch 5, worin die Zelle von einer dikotyledonen Pflanze stammt. 

50 

12. Verfahren nach Anspruch 11, worin die dikotyledone Pflanze ein Mitglied der Familie Compositeae oder 
Leguminoseae ist 

13. Pflanzengewebe oder Pflanzenzelle, hergestellt nach dem Verfahren nach einem der Anspruche 5-12. 

55 14. Pflanze, gewachsen von einem Pflanzengewebe oder einer Pflanzenzelle nach Anspruch 13. 
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Revendicatlons 

1. Vecteur d'ADN comprenant un T-ADN dans lequel est introduit un gdne structure! v6g6tal sous le contrftle 
du promoteur du transcript ” 1.6" du T-ADN, le promoteur et le g&ne structure! v6g6tal 6tant dans une po- 

5 sition et une orientation teiles I'un vis-d-vis de I'autre que le g6ne structurel v6g6tal puisse Stre exprim6 

dans une cellule v6g6tale sous le contrdle du promoteur du T-ADN, et le gdne structure! v6g6tal compre¬ 
nant un intron. 

2. Vecteur d'ADN selon la revendication 1, dans lequel le T-ADN contient une mutation inactivante dans tms 

10 ou tmr. 

3. Souche bacterienne contenant et rSpliquant un vecteur selon la revendication 1 ou 2. 

4. Souche bacttrienne selon la revendication 3 comprenant Agrobacterium tumefaciens ou Agrobacterium 
rhizogenes. 

5. Proc6d6 de modification g6n6tique d'une cellule v6g6tale , comprenant les stapes suivantes : 

(a) on insure un gfcne structure) v6g6tal dans du T-ADN comprenant le promoteur du transcript "1.6" 
du T-ADN, le promoteur et le gdne structurel v6g6tal 6tant dans une position et une orientation teiles 
Tun par rapport & I'autre que le g&ne structurel v6g6tal puisse dtre exprim6 dans une cellule v6g6tale 

20 sous le contrdle du promoteur du T-ADN, et le gdne structurel v6g6tal comprenant un intron,afin de 

former une combinaison du promoteur du T-ADN et du g6ne structurel vdgdtal, et ensuite 

(b) on transf&re la combinaison de promoteur du T-ADN et du g&ne structurel v6g6tal dans une cellule 
vdgdtale. 

25 6. Proc6d6 selon la revendication 5 , comprenant, aprds execution de l'6tape (b), I’dtape suivante : 

(c) on ddtecte I’expression du gdne structurel v6g6tal dans une cellule v6g6tale contenant la combinaison 
du promoteur de T-ADN et du gdne structurel v6g6tal. 

7. Proc6d6 selon la revendication 5, dans lequel le g&ne structurel v6g6tal code une protdine de stockage 

30 de semence. 

8. Proc6d6 selon la revendication 5, dans lequel le gdne structure) v6g6tal code la phasdoline. 

9. Proc6d6 selon la revendication 5, dans lequel la combinaison du promoteur de T-ADN et du gdne structural 

35 v6g6tal est maintenue et r6pliqu6e avant l’6tape (b) en tant que partie d'un vecteur navette . 

10. Proc6d6 selon la revendication 5, dans lequel le g$ne structurel v6g6tal estfusionn6 avec un g6ne struc¬ 
turel du T-ADN, en sorte que la combinaison du gfene structurel du T-ADN et du g6ne structurel v6g6tal 
code une prot6ine de fusion comprenant des sequences de prot&nes cod6es par le T-ADN et de prot6ines 
v6g6tales. 

11. Proc6d6 selon la revendication 5, dans lequel la cellule est issue d'une plante de type dicotytedone. 

12. Proc6d6 selon la revendication 11, dans lequel la plante de type dicotyl6done est un membre des Compo- 
siteae ou des Laguminoseae. 

45 

13. Tissu v6g6tal ou cellule v6g6tale produit(e) selon le proc6d6 de I'une quelconque des revendications 5 d 

12 . 

14. Plante d6velopp6e d partir d'un tissu v6g6tal ou d'une cellule v6g6tale selon la revendication 13. 

50 


55 
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T-DNA REGION OF pT115955 

FIG. I 
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FIG. 2 COMPLETE SEQUENCE OF NOPALINE SYNTHASE 

TtAT*6TT T »< VC 6WaC ttC mC6ACAJ>TCTMTC*T6<6CCCAamTW66A6TC*C6n»TGACCCCCSCre>ra>C6CCC6ACA*6CCtn 

* 

nACSTTTGMACTEACAGAACCCCAACCTTEIAGGASCCACTSASCCSCGKTTTCTG&ASnTAATGAfiCTAAGCACATACSTCAGAAACCATTAnG 

CSCSnCMMfifCKCrJWKTCACTATCWaWCMAnmCTrSTCAMMTGCTCCACTGACenCCATMArrCCCCTCeeTATCCMTTWA ^ 

CTCTCATATTCACTCTCAATCCAAATAATCTSCAATGGCAATTACCTTATCCSCAACTTCnTACCTArTTCCGCCSCACATCACCATCCSCTTCCCTTC _ 

MatA1aI1aTtolaaSarAI*ntrSarlatiProllaSarAtaAtaAspMlsHWPral*tiProlaa 

ACCCTASfiTS rCtTCt8TTCT66TCACKCCCCACTGCATTACC(GCTTCGTTCCCCTCCCGGCAC(TTCCCACG6CGCT6TGCCCACCACCAGATCATC 
IlirValEt/ytllcrtl/ScrSIjNllAltSlyTta-AlalcaAlaAiirrpnwAlaScrVjMitTilfronirAltlnTrpAiarroAiaspiiitr 

CAGGATCGATCTCACCAATCAAGGCCA6TSAAGGAETTATCACCACC6AECGAAT6ATTAACGGTCCATTTMSC6TCTCACCCTGT6ATCACCTTECCGC 
ratl/Sar MaSarAlal lalnAtaStr«1u6t jfal I IcThrffcrtluCljffttMeAlrtlyfronieVirtlSarAjKrUipAtpLtuAlaAl 

ACTTATTCtCTCCAECtCTCTACTEATTATTCTAACCtSTCCGCACCTTCACGACAGCTTCETCAACGAACTCECCAACTTCAACGGCGAACTCGCAACA 

•Valil«Ar|StrSarArgVallc«!1tIlaValTlirArgA1aAspValNtiAspSarPh«Va1AsnSlviaBAi«AMPheAsnG1jG1*4*uAi*T*r 

AAGfiATATTBTC6TCSTfiTSCt6CCATISGCTTCTCCATCAA6TACGAGAGACACCTCCBAnCAA6CGAATAnC6ACACGSATAArrCGCCCATAACGr 
(.jrsAipIltValVaiYalCyiCIjMItClyftvScrlleljnTjnrGluArgGInLauArpAhclyiArglltPhcGluTItrAtpAtnScrProneTiirS ** 

CTAA8C TATCE8AT CAAAAAAAAT6TAAC8TCAAtATCAA66AAAT6AAASC6TCTTTC66ACT6TCAT6TTUCCAATTCATC6CCATGAf6CTBiO«T 
•rt.jrilaaSvAsp61rt.]r«LjrsCraMVaiAtafiaLjrsCI«atl]nA1aSarniKiyLaaSa<nPiierraIitHiiAr9Atp«tpAiaGipVa ** 

6ATT6ATCTAtf U AA6ATACCAA6AACATCnifa.iXACCTATTTTCtSCT<6AATCATCT6CATCCCGCtCTTGCAA6T6CTATTClTTTCCAACTAT 
11 laitpl^raGioAipTVtjr^iai t^kaAiasiaLMAtoterAUVpnat laCn i iaAroPnLaaciaVaaeuPhariMSa^Atiir^ 10 °° 

ATCACTCATSCfcUTUbGCAGTCATtAACATCttAA&ACTCCtCGACCCACCCAATTCTCnACTAAAAGAGCTattAAGTSCCTTCTTGAACTACACg 
rr’i***** 4 *""* —......., # iioo 

11« IVH1 sA1«V« IProAl af • UlttAtn ncfilTArgLfuAr^AsyroAl «A»5«rLcvThrijr«AP9Al sCluLjrtTrpt tvicvGI wLcvAt pG 

Ac r cM frrrywtrro AriAW w ^ 1111 um iatotsaagca ^rf^K^^g^crMfCTrrwwrAMr^sAr r^rgMrc rrccM 

luAryTlirProArfAltf ItAjrsCljPhcFhaPbaTjrGljGltAljrSarAsantrTyrValCjrsAfaTalClnCluGliincAipMliGluVpArftjr 

fl 6 TTGCC 6 CAGC 6 T 6 TttACT 6 ttTtTCAAnCTCTCTTGCAGGAATCCAATGATGAATATCATACTGACTATGAAACTTTGAGGGAATACTGCCTAGCA 
Sf a IAI aA 1 aA I aCji^ 1A *uArfta«Asf) Srrl fgt cu 0 1 nC i wC jnAsnAs pC luTTrAspThrAfpTjrciuthrtcuAr 9 C luT/rCftlavA la I3 °° 

CCSTCACnCATAACCT6CATUT6CAT6CCCTGACAACATGGAACArcSCTArrmCTGAACAAnATCCTCSnG6ACCArCICGCGGCAATTGCA6 
Arosirfr8lMiA«i*alHlilliaiaCn^A^A»n«atGliinUrir^sir«iiiiii^J^irti2liiv»iiAirtiiiuAiiA 1 *°° 

CTATT8CCAAAATC6AAATACCCCTCACCCATGCATTCArCAATATTAnCArccrp(irAA<Afifir»»r«TTaiTmaf tcgraAJTr»r rf « ^^ T^»T 

Un«A1alytnaC1aliaAralMTkrMliAI«AhailaAMnaliaHi«AiiGiX/«6iAnn*AtiiArerbr6iiiysSar$«rS«^*aitl **" 


TCSTAACTTCAGTTCCAGCCACTTGATTCETTTTGCTGCTACCCACETTTTCAATAAGCACGAGATCGTCCAGTAAACAACGAGTGCGTCCAAGCAGATC 
«41jrAff#fce$crScrScrAtpltuntArfPhc61/AlaThrHfsVAlPheAif«tysAtpGivMttVal£1v(a4"~ # ~**~* "* * * 


1600 


CTTCAAACArTTCCCAATAAAGnTCTTAAfiATTSAATCCTCTTGCCCCTCTTGCCAfCArTATCAIATAArTTCTCnGAArrACGTTAAGCATGTAAf 

.—.-*.-.-♦-.-♦-.-•——♦-— ..—♦-——*-.-♦ 1700 


AArTAACAICrAATCCATCACOTTArnATGAGATCCGrTTtTATCArTAGACTCCCGCAArTArAfArrT^y^cg^aT^QAAAACftMATAT ftC CCC 

—*-*-♦-•-*-•—*........ 1000 
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FIG. 5-2 
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FIG. 30 


NUCLEOTIDE SEQUENCE OF A "LARGE TUMOR" GENE 


CA'TCTC6A66CTCA6CA4CT6AAAATTeAAACSC8CTAGTCAAT6CTATCAATCT6TC6T8TTCAeACfi6CATCAAAC8GTCAeCAATMC6TCAATGG6 ^ 


TTTCCTTA6CTAATATAAAAACCAACG6CTCfl6ACTTACCAGCGGCAG6TATTTSTAGTACATCCAACACA6CGAT6ACG6TAGCTAATTGGCH>6TTC6 ^ 

HetThrValAtaAinTrpGInValV 

AGA1TT6AC6CTTATCC7SC6CACCGGC6A6AT6AA6A6TC6CJTGGMCAG6CGA£AACG6ATTTCSGAGC6TTACTGTCC6AAACT6TATACTTTCA6 

9AtpL(*ThrlcrlicLc*Ar9TIirCt|G1iAtetLy>S«rAr9l«*Clw61nA1aAr9'nifAfp?he61yAI«L«Tl.e*Ser61u'nirV*ITjrrPlte61i» 


CCTTCCGCGATTAfiACTTGGTGAGTTTGATGACSAGTACATCCACTCTCGACAAGAGCTG&CTTATGTATACCTTCSTGAAGATATTGCACGCCAATGCC 

ProStrAlalleArfLavCIyGluPlitAspAspGi'iTjrrHaHtsSerArgGliiGluLevAlaTjrrValTyrlCvArgGliiAspIleAlaArgGinC/tA 

CCTT6CGTCGMACCTACCSTCCAACTCCTCTAACTTC6SAACAAT66CAACT6CAATACC6CC6TGGCTGATGAAT6CAC6CT6CCTGAATC6A6TTAT 

laLwArjAr^AjnlevProStrAjiiSarSerAanPheGIjr'nirMBtAlaTJirAianaProProTrplevAatAanAIaArjCjrtleTAsnArjValite 

GCAG6AAA6GTGC6ATCAAG6TG6CCTC6TCAACTACTATCAAGGCCtACATACAAATCAGTTCTnTTGGC6ATTATGCCAAGCAACT6Cn7GTTCGG 

t61n61uArgCjrsAip6lnG1}G1>Le*ValAMiTjrrTjrrG1n6ijifraN1s'ntrAsnG1nPhePh«Lr*A1atieMetPreSerAsiiCjrsnieV*1Arg 

TTCGG6ACC6ACATAATCMCAATGMAACTACKTmAA6CCCGGGGAG&AATACACTAGA66AA6BAGAAGAT6AC6ACGATGAGATGGACGATGM 

PhcGIjrTtirAtpIltlleAMiAMGlaAaiiTjrrGIpPhcijrsProCljiGliiGlufjrrThrArgGijrArpArpArgEiid 

666GA66CTG6T 6G A C C G 6AACCAA6A6A6 T SrCASATCKAAACCTTATCAATTATCC6ATCATT6CTTTA6CGTCATGCGATCTTTCCGCATAATTCC 


400 

500 

600 

700 

800 


CCTC6CC6ACACCTAATAAAGTCGGCTAATCTATGT6ATT6AGTGT6TCTT6ACTTT6TTATTTT6CATGTTTCCAATGTCATTTAGTAAC6AAATAAAC 


900 


6TTATCCTCTTCTAAAA6CAGGCT6T6TTTTC66CAAACATCSCCACCCATCGCTAfiTTTTTCTAAAA6TSTTCTAAGCTACCATG6TAATAATCTATAC ^ 
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FIG. 33-1 


177.4 CATATCCSTCTCATCCCATGCCtAAATCTCCATGCATGnCCAACCACCTTCTCTCTTATATAATACCTATAAATACCTCTAATATCACTCACnCTTTC ^ 

177.4 ATCATCCATCCATCCAGACIACTACTAClCTACTACTATAATACCCCAACCCAACTCATArTCMTACTACTCTACTATGATGAGAGCAACGGTTCCACT 

COWi ATCATgATCgATmicj[fiTg7ACTA£TgTArrArrArAATACCgAAfrrAACTCArATTqUTACTKTnIcTAT(^TC ^ I ^M^ *TTCrAfT 
^ / (5*HWtr«iitUttd) metlWtAryAlAArfltProC* 

177.4 CCTCn6CTCCGAAnCTTTyCCTGGCATCACTTTCT6OTCAnTCCCACTTCACTCCf»GCAflGACGAAGA6ACCCAA6ATAACCCCTrCTACTTCAAC 

Atuimt^lylltLMflicLtaAUStnMScrAUSAr^tktAUnirScrlMAryGInGliiGliiGYvStKIiUtpAAi^re^lr^MAsii 

177.4 TCTGACAACTCCTCGAACACTCTATTCAAAAACCAATATGSTGICATTCSTGrCCTCCAGAGGTTCGACCAACAATCCAAACSACTTCAfiAArCTrGAAG 

C0HA31 TCT6ACAACTCCTCGAACAtTCTAnCAAAAACCMTATGBTCACAnH5rfirttTCCAGitt^C6^CAACMTCCMACGACTTCAGMTCn&MG ^ 
Str AipAt AStrTrpAM Thrt cu7h AjrfAsnfi 1 ATyrG lyMIsI IcArpVi II caG 1 aAt pPbeAtpG laGI A$«rt jrsArpL tuG1 aAwC taG 1 »A 

177.4 ACTACCCTCTTGTttACnCAfiCTCCAAACCCGAAACCCTCCTTCnCCTCAGCACKTGATKTgiGnAaCCTACrTCTCCGTACTGCTAAGTAAn 

C 0 AAII ACTACCGtCTTGTG&ACTTCAGGTCCAAACCCGAAACCCTCCTTCncCTCAGCACGCTGATCCTCAGTTACTCCTACnGTCCGTAGTC * ^ 

*pTyrArftttif • IGl^litArjStft/sfrofi lantrttvlttAtwPraGl aGIaAI tAtpAI aGIuLmLnLm V« If* 14rfStrG 

177.4 6CTA CTC6TAT CACTT6TTTCTTCTT6CAGAAATAATG6TAATGAATTTTTTATAATTT f*ggft*y , ^t * T *r r Cy T rTTg»TDW^CCTGATG*TCTf 

cWU31 tlH 1, 72 bp) GGAfiCGCCATACTCGTCTTCGTGAAACCTGATGATCGC 

lySirAlinAMYillMVilLjrMtpAtpArf 

177.4 A 6 ASA 6 T AC FT i H m i AC 6 AGCGATAACCC 6 ATATT CTCTGATCA CC A G AAAATCCCT Ilf A /T AnTTfTAf TTCfrTTiaff ffftatff f **14 

COIIAJ1 AGACAGTACTTOTCCTTACCAGCMTMrcMTAnCTCTG^C^CACMMTCCCTGCACGAACCArTTTCTATTTCGTTAACCCTCATCCCAMG ** 

VffilaTyrPH^IktUnDrSArAspAMPponcPhcScrAtpNItfilalnntPpoAltflfTlirlltPliaTirlcuVaUtiiProAspPrvLriG 

177.4 ^^tctcaca ataatccaa ctcgccatgccccttaacaaccctcacattcatctactcccttttctaatacccaactaattttttcttattttaacttc _ 

COIIA31 AGGATCTCAGAATAATtCAACTCGCCATGCCCCTrAACAA^CCTCAGATTCAT * # * * *** 

IvAtpCcttArylltllcGlBLcsAlANttProVAlAsaAtaProGYAlltMU 

177.4 CAA * i 1 l 1 LiLxAAATCTCAT&ATAAATCTTTftTCrTetlCfttA IMTTff l*Tr f KC 1 f^\%rrr^MTTTTArrTCCflVV^TTf > Nifft*Gf^ 
C0AA31 tt bp) 4 “ 


61uPhaPMcuScrStrThrCUiAl«ClA61*ScrTjTtc'iClMGluPb*S«rtj*IM 

177.4 TArrC7ACAGGCCTCCTTCAATGTAAfiAAACAAAACAGCATCTAACTACATATTTCCGTTGCCATTTAGCTA6TACTTT6TC7AAAfGTCACACTT6TT6 

C 0 NA 31 TATTCTACAGGCCTCCTTCAAT * (m*l""l 24 b»)* * * ** 

tllcLMCIrtlaStrPbcAui * 

4 # 7.4 AATTT 4 nhMTGATATCArrATATAT 6 TTTGCATGATTTTTATA 6 A 6 CAAATTCCA 6 CA 6 ATCAACA 6 G 6 TT C T 6 Tn , r AAI r* i f l t*ffl i 1 r V‘* 1 r rV GM 

AGCAAATTCCAGCAGATCAACA666TTCTCTTTCAACA66Att6ACACCAACAC ^ 
StriytPbafil acini 1cAmArfV*tlMPb«Gttf61wC)u6Y|G!«i61JiGt* 

177 .4 CCACTCATTCTBAACATTBATTgTClAgAfiAmACCAAft eaiSfmf 

COAAJl CWTanCTEMaTTCinCTeilglMn iimiimilfifllifi rtfimtfTi^n ^^M tfTpf ^^yg^ ^^YftATTl 

SIjrVAinHAlAsallpAtpStKIaCUncLnCIwLMStfljrillltAIATtStrStrStrArpLytM^iStrijvCIiiAtpAsarbrllaC 

177.4 CAAACSAATTTGCAAACCTCACWfiAGCACCCATAACTCCTTCAATCTCTTMTCAGTTCTATACAGATGSAACAGSTAAAfACAAAGAAAAACCATAT 

efMA3l CAAACCAATTTGCAAACCTCACTCACAGGACC6ATAACTCCTTGAAT6T6nAATCACTTCTATAGAGATGSAAGA6** # **~ 

1jrASf«li^Ml|AMiMnir«1«4Pf fbrAipAsiiSpvlMAtAVmtvl 1«S«riar 1laGMttGlaCla 


1200 


177.4 AGACAAACTMCAATTGAOTrCTATTAnCACTCTCSTCTTGCnAGAAAArCTTA&TATTGACACTATAATTAAATAAfttTTTTTrTTGnAACAAA 

isn, sTir.~* * * * * * 1300 

177.4 mACCGACtkn^ia»HXACAnACTAnCTAACCggAnenATafTl£TttlTiATf.aMrtra>f!rifMTgTT#^TT ffrTBOTrV y.y. CT 

cO*A2t CC»ZILI 111 IfcifcmgarTAgTATTrTAjecfrarTgrfawt^Ti^tT^T^vi;;;^cnrntTtSftncTTGTTWTfT WV^B ^ 

61|A1Ac^b*V4lPlitM1tTprTjrrS«rlypA1«|l«ViltlAnf<IT4lAtaC1a61|61iiA1aN1sT«IGlHl«aVal61|^raLptfil 

177.4 AAATAAGSMACCTTGQAATATCAGAfiCTACACAGCTGAGCTTTCTAAAGACSArOTATTTGTAATCCCAOCAGCATATCCACnGCCATCAAGCCTACC 

cOAAJl AAATAAGCAAACCTrGGAATAT6ACACCTACAGACCTCACCTnCTAAA6ACCATCTATTT6TAATCCCAGCA0CATAICCACncCCATCAACCCTACC ^ 
jrAsaL/vAl«Tbfla«1«TjrrGloS^TjrrArpA1afi1uU«SOTl]r»AipA«pff«in»«v«II1cPr«A1«Al4TfrProffalAUnKraUTbr 

177.4 TCCAACCTGUnTCACTG6TTTCS6TATCAATGaMTAACAACAAT4C&AACCTCCnGCAC0TATATATAf nATUTAf ATGACCATGAAITTGAA 

COAAJ 1 TCCAAC6TGAATTTCACTGCTrTCG6rATCAATCCTAATAACAACAATAC6MCCTCC7TCCA6***** # **** ***** * * 1100 

WrAiaV* IAsi#b«ThrCl jfPhaG 1 jp I IcAynAI «AfiUfiiA»i»AtikArpA«iCMi twAI «6 

177.4 TATACCCTTCTTCATGGAATTTTTTATTIATAATTGGTAATCCCTCAnGTGATrCTAAArATCAAGCTAAGMCCCACAATCTCATAACCAGCATCGCTA 

C0MAJ1 (IPS S, 103 bp) 6TA4CA CC CACAAI6TCATAACCACCATCC6TA 

lytnTbrAtpAf«V« 11 IcSorSorl IfCtyA 
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FIG. 33-2 


177.4 CAfiCTCTeGACGGTAAAfiAC&TSnC&GCCnACGnCTCTGG&TCTGGT&ACGAACnATGJUGCTCATCAACAAACA^AfiTCCATCCTACTTTCTGGA 

—-♦-♦-♦--♦..♦-♦---*..—...» 1600 

C0HA31 GA6CTCTG&ACGGT/UU5ACGTGnGGGSCnACGnCTCTGGGrCTGGTGACGAAGnATGAAGCTGATCAACAAACAGAGTGGATCGTACTTrGTGGA 
r9A)AL«uAspG1yLjrtAspV«)LcuGl>l.CuThrPh€StrGlrS«rG1yAsDG1uV«IH€tLjrft.CifUcAtiiLysG1nScrGl]rS*rT/rPheV*IAt 

177.4 TQCACACC A T CACCAAC AGGAACAGCAAAAGGwAAGAAAGGGTGC ATTTGT6TAC T6AAT AAGT ATGAAC TAAAAT GCATGTACGTGT AAGAGCT C AT GG 

—-*--♦-.*.♦.♦..*-—.♦.♦ 1900 

C0IU31 TGC ACACCAT CACCAACAGG AACAGCAAAAGGGAAGAAAGGGTGt ATTTG TGTACTG AATAAGTA TGAACTAAAA T GCATG I AGCTGT AAGAGC T C ATGG 
pA1«HnH1sNls61nG1nGluGlnG1nLysG1yAr9ty$Gl7A1aPheV«iryrTEA 

177.4 AGASCATGGAATATTGTATCCGACCATGTAACAGTATAATAACTGAGCTCCArCTCACITCTTCTATGAATAAACAAAGGArsrTATGAr 

.♦-«.♦.♦—♦-♦.♦.♦.♦.-♦ 7000 

C0HA31 AGAGCATGGAATAnGTATCCGACCATGTAACAGTATAATAACTGACCTCCATCTCACTTCnaATGAATAAACAAAGGATGTTATGAT--Pot/(A) 


Tht complttt sequenct of a phaseolln qene and a cDNA 
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